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OFFICE OF TELECO/AMUNICATIONS

The Department of Commerce, under the 1970 Executive Order No. 11556, has been
given the responsibility of supporting the Government in general and the Office of Tele-
communications Policy in particular in the field of telecommunications analysis.
The Departiment of Commmerce, in response to these added duties, established the Office
of Telecommunications as a primary operating unit to meet the demands of telecommuni-
cations in the areas of technical and economic research and analysis. The Office consists
of three units as follows:

Frequency Management Support Division: Provides centralized technical and
administrative support for coordination of Federal frequency uses and assignments, and
such other services and administrative functions, including the maintenance of necessary
files and data bases, responsive to the needs of the Director of the Office of Telecommuni-
caticns Policy (OTP) in the Executive Office of the President, in the performance of his
responsibilities for the management of the radio spectrum.

Telecommunications Analysis Division: Conducts technical and economic research
and analysis of a longer term, continuing nature to provide information and alternatives
for the resolution of policy questions, including studies leading to the more eflicient ailo-
cation and utilization of telecommunication resources; provides forecasts of technological
developments atfecting telecoinmunications and estimates their significance; nrovides
advisory services in telecommunicatlions to agencies of Federal, State and local govern-
ments; and performs such other analysis as is required to support QTP.

Institute for Telecommunication Sciences: The institute for Telecommunication
Sciences (ITS), as a major element of the Office of Telecommunications, serves as the
central Federal agency for cesearch on the transmission of radic waves. As such, ITS
has the responsibility to:

(a) Acquire, analyze and disseminate data and perform research in general on the
desecrintion and predictic: of electromagnetic wave propagation, and on the nature of
electromagnetic noise and interference, and on methods for the more efficient use of the
electromagneatic spoctrum for telecommunication purpoesass;

{b) Prepare and issue predictions of electromagnetic wave propagation conditions and
warnings of disturbances ia those conditions;

(¢) Conduct rescarch and analysis on radio systems characteritiics, and operating
tachiigues affi cting the utilization of the radio speciram in coordipation: with specialized,
related reseiwach and analysis performed by other Federal agencies in their areas
of responsibility;

(d; Conduct resecarch and analysis in the general flieid of telccommunication sciences
in support of other Government agohcies as required; and

(e) Develop methods of measurement of system performance and standards of practice
for telecommunication systems.
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/ TERRA™ IN THE 230 to 92uC-M.r FRIZITFNCY RANGLE
(\ . PAR" 1V: Receiver Sitc in Grove of Trees
\\\
\‘ . P.L, McQuzte, J.M, I{arman, and e
M.E. Mc¢Clanalan £y

g This is tke: fourth part of a four-part report containing
i 7 tabulations and graphs of transmission loss aaia result-
t o ing from propagatios experiments in the 230- to 9200 -
§

[

MHz frequency range conducted over i1segular terrain L
in Colurado. This part presents data obtlained at a com-
nion receiver site, located in a small grove of cottanwood
(Pooulus deltoidesi trees, over propagation paths varying

in leagth from 0.5 to 53 kin, v o !

Key Words: UHF prcvagatioa data, irregu’wr terrain, URF
propagation threugh trees '

1, W TRODUCTION ‘
] The purpose of this four -part report series is to present tabula-

tions of transmission loss data resulting from propagation over irregu-

lar terrain in Colorado with path length ranging from 0.5 to 120 km ac

seven frequencies in the 230- to 9200-MHz range.

-y

The measurement Lrogram was spinsored by the U.S5, Army

Electronics Command and the U,.S. Army Security Agency as partof a

i study of propagation characteristics under conditions resembling the

¢perations of an army in the field,

s el

Part 1 of this report series (McQuate, et al., 1968) presented )

datc obtained at a corumon receiver site (R1) located neaz the summit

of a till in the open plains, about 15 km northeast of Boulder. Several

4 of the traasmitting sites associated with tmy coumon receiver sit

were located in the mountains west of Boulder and east of the




o gttt B | ¢

g r

r'—-mwyﬂm

continental divide; all others were located in ithe relatively open and
rolling plains area, This partincludes also a moare complete

descriptio» of the equipment used, anc of data collection and measurement
techniques.

PPart II ot this series (McQuate, et al,, 1968) presents data
ob:ained at a common receiver site (R2) located in the mountains near
Rellinsville, about 20 km southirest of Boulder, The mountains shield
this site from the plains. Only eight of the 44 transmiiting sites asso-
ciated with this receiving location are in the plains areca.

Part III (McQuate, et al., 1970) presents data obtained at a common
receiver site (R3) located on the eastern edge »f a high mesa at a juncture
between the mountains and plains near Golden, about 25 km south of
Boulder, This site was selected to represent propagation from ground
o lowv-flying aircraft. All of the 57 transmitting sites associated with
this receiver site are located in ths relatively open and rolling plains area.

This, tlic tourth part of the four-part report series, presencs data
obtained from cormnmen receiver site R4, located in a cluster of trees in
in the broad St, Vrain Creek valley near Longmont, about 25 kin north-
ecast of Boulder,

Figure ! is an aerial photograph of the area, The receiver antenna
tower is located near the center of the leli edge of the largest tree cluster.
A white cress was placed at the top of the tower to help locate it in the
aerial photograph and it also serves as the northern terminal of a true
north-south line. The southern terminal of this line is a white cross on
the ground shown near the bottom edge of the photograph. The dark area,
near the cross marking the top of the tower, is the areca where the trce
foliage was removed to permit unobstructed vertical movement of the

receiving antennas.
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All path loss measurements were madce at the fixed receiving
site using mobile transmitters, Received signal levels were recorded
continuously as the receiving antennas were raised from near ground to
a point well above the top of the trees; therefore, the received signal
levels reflect, to a varying degree, the cffects of toliage and branches

on the electromagnetic field.

2. MEASUREMENT PROGRAM

Figure 2 presents an overall view of the mieasurement area and
shows for clarity only 27 of the 36 transmitter locations. Most of
those not shown are within 10 km of the common recejver site. The
measurement points are arranged around the common receiver in con-
centric circles at nominal distances of 0,5, 3, 5, 10, 20, 30, and
50 km,

Figures 3, 4, and 5 are panoramic views of the measurement
area as seen from the top of the receiving antenna tower (26,8 in above
ground) and figures 6, 7, and 8 are views of the trees as secen by the
receiving antennas 1,5 m above ground, Maximum leaf cover begins
about 7 m above ground and continues to the top of the trees. Figures
3 and 5 show that the trees are of uniform height, approximately 18 m
above ground., No traunsmitting sites were located in the west-to-
northeast sector between approximately 270 and 40° true azimuth.

All except two transmitting sites lie in the relatively open and
rolling plains area east of the mountains, and, unlike the trausmitter
sites uced in earlier reports of this report series, all transmitter sites
were selected to provide a clear and unobstructed foreground in the
direction of the receiving antenna.

Signals were r :corded for the six frequencies {from all 36 trans-
mitting sites while the leaves were on the trees and then the measure-
ments were repeated after the leaves had fallen from the tr-aes and the

trees were dormant,

[ "TIRST PO
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2. Layout of transmitier sites in relation to the

common receiver site R4,
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Figure 3. Panoramic view of eastern sector from top of receiver antenna tower.
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Figure 4. Panoramic view of southern sector from top of receiver antenna tower.
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Figure 5. Panoramic view of western sector from top of receiver antenna tower,
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gure 6. View of eastern sector from 1. 5m above the ground.
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Figure 8. View of western sector from 1.5 m above the ground
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All transmissions were continuous wave and frequencies of 230,
410, 910, 1846, 4595, and 9190 MHz were used with horizontal polari-
zation. However, at the conclusion of the measurement program,
additional measurements were made from three of the transmitter sites
(R4-10-T5, R4-20-T6, and R4-30-T6) on 230 and 410 MHz, using
horizontally polarized, vertically polarized, and cross polarized anten-
nas in order to evaluate the polarization losses caused by trees without
leaves, These tranemitter sites were in the direction of maximum
tree depth as seen from the receiver site (bearing 235o true, see
figure 1), Finally, an elevated transmitter site (Test Site), also in
the direction of maximum tree depth at the receiver site. was
selected to provide ar unobstructed path between the transmitting
antennas and the cluster of trees surrounding the receiver site. The

data resulting from these measurements are shown in the Appendix.

3. RECEIVING EQUIPMENT

The six frequencies were divided into two groups and separate
receiving and transmitting vans were outfitted for each group. Although
seven frequencies had been used for the measurements reported in the
three preceding parts of this report series, the 751-MHz equipment was
seldom employed at the R4 site because of operational problems. Thus,
path loss data are not available for this frequency. Figure 9 shows the
low-frequency group (230, 410 and the inoperative 751 MHz) receiver
trailer at common receiver site R2, and figure 10 shows the receiver
trailer used fecr the four higher frequencies (910, 1846, 4595, and
9190 MHz) at common receiver site R3., Both figures show the antennas
associated 'with each frequency group mounted on a movable carriage
attached to identical towers, and the same installation was used for the
R4 measurements reported here, The carriages could be iastalled on

any of the four tower faces and raised or lowered between the limits of

11
Preceding Page Blank
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1 and 25 m above ground for the low-frequency group, or 1 and 24.5 m

for the nigher-frequency group, both at a speed of approximately 0,6 m/sec,
A servo system on the antenna carriage drove a strip-chart recorder

for the countinuous signal strength versus antenna height receordings.

Propagation dat. were obtained between August 2 and September
30, 1966 (when the leaves were cn the trees) and beiween November
11, 1966 and March 14, 1967 (when trees were without leaves),

Identical transmitting and ¢eceiving antennas were used for each
frequency group, and the electrical characteristics of each pair were
essentially identical; parametiers arce given in Table 1. The VSWR of
the antenna systerns, as viewed at the receiver inpui, exhibited essentially
no change as the antennas were mroved up and down the tower; thus we
believe that effects of the immediate environment on the anfenna

impedance can be neglected,

4, TRANSMITTING EQUIPMENT

The transmnitting equipment was contained in two vans; one, for
the two lower frequencies, the other for the four higher frequencies,
Figures 11 and 12 show the vans, The antennas were mouvnted side by
side on a tframewcrk attached to a rigid mast that pivoted in elevition
and azimuth on a base mounted on tep of the vans., This arrangement
assured constant antenna Lelphi abuve ground for eaci iveguency group
(6.6 m for the lower {requency group and 7.3 m for the higher). After
tke anten' a assembly had been raised and before transmission, the
antennas were or.ented to the path azimuoth by sighting through a. device
vn the mast, i the rceceiver location was visible, o with the 2id of a
magnetic compass, corrccted for magnetic declination, wben the

recciver location was obscurced,

5, DATA PRESENTATIONS AND TABULATIONS

The data, except for antenna polarization aud paiterns, are arranged

12
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Figure 9.
common receiver site R4,
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as in IFarts I, il and IIl of this report series; i.e., by path distance and 4

for cach distance sequentially by azimuth counted clockwise from true 3

north. For exampie, R4-20-T2 indicates a 20-km path (nominal length) :

from the receiver site R4 to transmitter site T2, which is the second

e el

transmitter site at the 20-km distance counted clockwise, from true
north., However, some of the proposed transinitter locations were

inaccessible, or otherwise unsuitable, and other points had to be

DTy

substituted, Particularly, sites R4-30-T5 and R4-30-T7 are at distances

; less than 25 km, The actual path lengths rather than code designations

,! will be used in any subsequent analyses of the data but it is not practical

M el s

to revisc the numbering scheme., The data for each transmission path

are arranged in the following order: The first page includes the site

.

designation and code, a photograph of the terrain taken at the transmitter i

|4

.

site in the direction of the receiver, and the true bearing from the 3
] b

receiver site to the transmitter site. E
A

The next page contains the site designation and code, a graph 3

-

of basic transmission loss vs. receiving antenna neight and the date
when each frequency group was measured, Only data taken with the

leaves on the trees are shown here. Also indicated are the free-space

ot e e RN

basic transmission loss for each frequency and the level of the maximum

measurable loss if the received signal level was below the receiver

noise level, The graphs of basic transmission loss vs, antenna height

were obtained directly from computer storage by a cathode ray tube

e kol el weveed L

plotter, and only a limited number of distinct line symbels were avail-

able, In most cases it is not difficult to identify and follow the traces

for the various frequencies, .
Part I of this report series (McQuate et al,, 1968) includes a

discussion of the assumptions used (including formulas, parameters, etc.)

to correct receiver power ievel values to basic transmission loss,

A number of these graphs do not show curves for all six frequencies.

18
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This is becausc of equipment malfunction, temporary inaccessibility of
the transmitter sites, calibration crrors, or misalignments of anternas,

The third page shows the site code and includes the following:

(a) The path profile, with site elevations and path length, is
drawn by using an effective earth radius (a = 8330 km) based on an
arca average surface refractivity value of 290 N-units, The effective
earth curvature is illustrated by an arc drawn arbitrarily through the
second elevation mark in the center of the profile, This arc represents
the intersection of a surface parallel to the earth's surface with the
plane of the paper and provides a reference line for assessing relative
elevation along the terrain profile., Note that horizontal and vertical
scales are not constant for all terrain profiles. The scales were chosen
to provide maximum clarity within the available space, and the effective
earth radius concept requires a fixed relation between horizontal
{distance) and vertical {elevation} scales to permit radio rays to be
represented as straight lines,

{b) The results of the time recording, obtained just prior to each

height-gain run, shown below the path profile and designated ”Lb(dB) short-

term signal variability'', The 50 percent value is defined as the basic trans-

mission loss value, in decibels, exceeded 50 percent of the time during the

10-min time recording period, The Al0% - 90% wvalue is defined as the
decibel diffcrence between the level of the received signal excecdzd for
90 percent of the time during the recording period and the level excceded

only 10 percent of the time during the same period.

(c) Field notes describing the terrain and significant obstacles along

the transmission path, as scen by an observer at the transmitter site, The

. St et s e . e e e

field notes reflect the operator's observations particularly with regard to fore-

ground while the terrain charagteristics are shown more exactly by the profiles.

19
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Additional pages include graphs of basic transmission loss vs,
receiving antenna height derived from path loss measurements over a
common path with the trees in full leaf (late summer) and after the lcaves
had f{allen (winter). Data arc plotted in pairs for each frequency for cach
transmitting site, Time run data for the winter measurcments, similar
to the time run data described carlier, follow the graphs of the

transmission loss curves for each transmitter site.
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8, TABULATION OF DATA
Propagation data tabulations arc presented on pages 2] through

265. Figure numbers in this section have been omitted since all data,

pictures, and graphs are identified by the appropriate site code number,
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R4-0,5-T1
LONGMONT S1

PATII VIEW FROM TRANSMITTER

i1

Bearing from comm

V)

. receiver site to transmitter site is

269° 41' 04"
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RCVR, ELEV,

R4-0,5-T1

AEMTR,ELEYV,

1503 M PATH LENGTH 0.557 km 1500 M
- 1598M
- 140¢"
! 1 1 | i )
(‘- c‘ a2 Os -4 05
KILOHETERS
Lb (dBR) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 91290

Mo data available,

Thz radio path extends over open, grassy land.

A barbed-wire

fence, 1 m high, runs beside a dirt road and slightly to the left of the

path,

in the path, about 15C m from ihe transinitter.

Two deciduous trees, approximately Z0 m high, stand divectly
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PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is
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i
RCVR. ELEV, R4-3.-T1 XMTR, ELEV, g
1503 M PATH LENGTH 2,622 km 1543 M i
- 1550H
v e i
i
3
' 4
- 14Q0H i
1 1 ] 1 1 1 ‘
) S 10 1.5 20 25 %
K 1LOME TERS 4
L, (dB) SHORT TERM SIGNAL VARIABILITY ¢
! . .
Freq (MHz) 230 410 910 1846 4595 9190 ?
8-9-66 at 3M 9=26-66 at 1M 3
50% 108, 1 114,1 | 110.1  129.8 140, 7 149.6 |
ALO%-90, <3 <3 <3 4.5 3 5.8 3
8-9-66 at 22M 9-26-66 at 7.3M ]

50% 89.8 95,4 [ 130.5 127.2 149.6 163.0
A10%-909% <3 <3 £.3 <3 5.9 8.0 j‘
9-26-66 at 14M 4

50% 120.0 122.3 141.8 148.3

A10%-909, <3 4.5 4.6 6.9

. 9-26-66 at 24. 5M
50% 100.5 106.8 114.4 121.4
£10%-909 <3 <3 <3 <3

The foreground here is comprised of a recently plowed field,

120 m wide, which slopes gently down toward the receiver site. There
; are no apparent obstructions in the path, although oue trze, approx-

imately 20 m tall, is slightly to the left of the path,
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Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MH2z)

A10%

£10%

A10%

A210%

50%
90%
50%
90%

50%
90%

N

a%
90%

230 410 910
2-24-67 at 25 M

1846

4595

12-5-66atl1 M

87.4 9.20 106.9 120.9 135, 0
<3 <3 <3 <3 < <3
12-5-66 at 7.3 M

121.9 124. 4 138. 3
<3 <3 <3

123,1

< 3
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PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is
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2

RCVR, ELEV, R4-3.-T2 XMTR, ELEV,

1503 M PATH LENGTH 2,521 kimn- 1496 M
- 1550M
- 1400M
M ) i ! ! i
0 S 10 15 24 28

#LOMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190
8-9~66 at 22M 9-6-66 at 1M
50% 90,1 93,7 120.8 120.0 137, 4 136.0
A10%-90% <3 <3 <3 3 3.2 <3
Qub=6b at 7. 3M
50% 118.4 125.3 182,0 160.5
A 10%-90% <3 <3 7.7 4.5
9-6-66 at 24, 5M
509 102.5 113.9 115,44 121.1
A10%-909, <3 <3 <3 <3

The immmediate foreground is covered with low brush aad grass
for about 60 m. As far as one can see clearly, the remainder of the

path is relatively level, and extends over plowed fields.
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Lb (dBj SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
2-24-67at 25 M 12-7-66 at 7.3 M
50% 87,7 92,1 111.5  115.8 120. 2 124.2
mO% - 90% <3 <3 |<3 <3 <3 <3
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RCVR, ELEV, R4-3-T3 XMTR, ELEV, o
1503 M PATH LENGTH 2. 597 km 1503 M |

;.

3

- 15504 :

P a1

- 140N

' ] ! | 1 ' !
0 5 14 15
KILOMETERS

L, (dB) SHORT TERM SIGNAL VARIABILITY

~N
b
ol
w
ot it A O e ot B e 28 A

Freq(MHz) 230 410 910 1846 4595 9190 4
8-19-66 at 22M 9-2-66 at 1M ;

50% 91.6 95.4 127.6 131,8 144.6 165.6 E 3

A10%-90% <3 <3 <3 <3 <3 6.6 ! 1

9-2-66 at 7. 3M i

50% 122.6  145.3 170.1 184, 3 ]

£10%-90% <3 <3 9.8 <3

9-2-66 at 24. 5M :

50% 103,1  116.3 136,8 141, 6

M0%=-90% <3 <3 <3 <3 :
The first 200 m of the path consist of level fa.mland. A farm !

building and silo are immediately to the left of the path. As far as

one can see, the paith exteuds over level, open farmland with farm

buildings scattered over its remaining distance.
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R4-3-T3
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)
Freq (MHz) 230 410 910 1846 4595 9190
3-10-67at 25 M 12-7-66at 7.3 M
50% 92,9 94.8 120.6 135.3 142.8 162, 3
A10% - 90% <3 <3 <3 <3 <3 <3
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LONGMONT SSE 2

PATH VIEW FROM TRANSMITTER
Bearing from_common receiver site to transmitter site is .
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RCVR, ELEV,

R4-3.-T4

XMTR, ELEV,

I503 M FATH LENGTH 3.008 km- 158 M
—
- 1550N
--*"'"_-‘J
- j
- 1400M
1 1 . Y 1 T 1
0 & 1.0 15 r 25 3¢
KILOMETERS
Lb {dB) SHOR1 TERM SIGNAL VARIABILiTY
Fregq(MHz) 230 410 910 1846 4595 9ia0
8-18-66 at 1M 9-2-66 at 1M
50% 110.5 114,6 i11,6 124,3 118.3 117.4
A10%-909, <3 <3 <3 <3 <3 <3
8-18-66 at 11M 9.2-66 at 7.3M
50% 92.9 102.1 105.5 124,3 14y,2 148.5
A10%-90% <3 <3 <3 <3 <3 <3
8-16-66 at 22M 9-2-66 at 24.5M
59% 86.3 92,4 97.0 111.1 119,2 124, 0
Al0%-90% <3 Z3 <3 <3 <3 <3

The immediate foreground consists of open fields, which slope

downward teward the receiver for about 1 kin to a farm building

cemplex,

From there, open fields extend toward the receiver site.

a Z-wire telephone line passes near the transmitier van, but is about

2 m below the antevnas,
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Lb (dB) SHORT TERM SIGNAL VARIABILITY {Without Folinge)
Freq (MHz) 230 410 910 1846 4235 9190

3-10-67 at 22 M 12-.7-66 at 7,3 M

50% £5.4 94, 6 102.8 118,5 124.6 140.0
410% - 90% <3 <3 <3 <3 <3
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RCVR. ELEV. R4-3-T5 XMTR., ELEV,
1503 M PATH LENGTH 2.844 km - 1515 M
- 1550M
"

« 1400M l
1 ! ! 1 o 1
0 5 1.0 R 20 25 "

RILOMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freg{MHz} 230 410 910 1846 4595 5190
9-12-66 at 1M
50% 126.0  144.5 161.4 175.6
A10% -90% 3.1 4.8 7.4 10.9
9-12-66 at 7. 3M
50% 127.6  141.1 161.1 185.8
AYQ% - 90% ' <3 < 4,2 10.2
' , 9-12-86 al 24. 5M
50% 95,3 109.9 119.9 125.7
510 -90% <3 <3 <3 <3

The first 400 m of foreground are open, level, plowed fields.
Geyond are low trees and scattered farm buildings. The path is almost

flat in the reisaining distance to the receiver.
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R4-3-T5 4
L, (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage) | 1
4

Freq (MHz) 230 410 910 1846 4595 9190
' 1-10-67 at 7.3 M

50% I 125.9 127.3 156, 7 159.3 : 3

210% - 90% ' 1<3 <3 <3 <3
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e e e M At R et e b T S —— RS

RCVR. ELEV, R4-3-Té6 XMTR, ELEYVY,
1503 M PATHLENGTH 2.514 km 1518 M ;
|
- 1550M
¢ =
- 1400H
! 1 ! 1 ! ! |
0 5 19 1S 20 25 I
KiLouETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY ,
Freq(MHz) 230 410 910 1846 4595 9190
8-8-66 at 3M 9-12-66 at 1M I
. !
50% 108.8  122.7 | 129.9 145 3 148, 2 168, 2 :
A10% -90% <3 <3 3.0 <3 5.3 11.3
8-8-66 at 22M 9-12-66 at 7.3M
50% 23,2 97.1 129, 1 156.5 154.2 175.1
A10% -90% <3 <3 4,0 13.4 4,2 11,0
9-12-66 at 24.5M
50% 109.0 116.3 126.8 136.9
A10% -90% <3 <3 <3 <3
f'
The foreground over which this path pPasses consists of freshly ,
; !
Plowed fields for about 1.2 km. These fields are level and unobstructed,
The remainder of the path, as far as one can see, is covered with
scaftered farm buildiegs and trees.
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L, (dB) SHORT TERM SIGNI;;:.%L 3\;ATI$IABILITY (Without Foliage)
Freq (MHz) 230 410 910 1846 4595 9190
2-8-67 at 25 M 1-10-67 at 7.3 M
50% 9.23 95,5 | 128.4 137.5 153.2 155.7
A10% - 90% <3 <3 <3 <3 <3 <3
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PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is »
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- T T

RCVR., ELEV, R4-5-T1 XMTR. ELEV,

1503 M PATH LENGTH 5, 643 km. 1516 M
* - 1550K
”——f/'ﬁi\\\ -
< 1400M
1 ! | ] 1
0 ! 2 3 4
KILOMETERS
Lb (dB) SHORT TERM SIGCNAL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 9190
8-10-66 at 3M 9-23-66 at IM
50% 130.4 130.3 158, 1 155,0 161.4 166.5
A10% -90% <3 <3 <3 <3 <3 <3
8-10-66 at 22M 9-23-66 at 7, 3M
£0% 110.9 114, 3 146. 8 155.8 184.0
A10% -90% <3 <3 <3 <3 <3
9.23-66 at 14M
50% 137.8 145, 4 170, 7
A10% -90% <3 <3 <3
9-23-66 at 24. 5M
50% 122,6 132.9 14z.9 161, 6
A10% -90% <3 <3 <3 5.1

The path extends for about 800 m over the south edge of Union

Reservoir., At the far edge of the reservoir, there is a line of

deciduous trees, 12 to 20 m high. The only other apparent obstruction

in the path is a large factory building about 2 km away.
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TSRO QTMAMEIITE SHET e T

P
R4-5-T1
Lb {dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)
Freq (MHz) 230 410 9190 1846 4595 9190
2-21-67 at 25 M 11-.18-66at 7.3 M
50% 107.2 113,.8 146, 8 155, 2 169,7 177.6
A10%-90% <3 <3 <3 <3 < 3 <3
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D FY SR Ry J DUTP) TN ST e SURApr - SRS

RCVR. ELEV, R4-5-T2 XMTR., ELEV,
1503 M PATH ILENGTH 4, 793 km 1510 M
- 1550H

At A o _ At At e Lo

+ 1d00M 3
3
1 1 | 1 !
0 1 2 3 4 i
KILOMETERS ;
L (dB) SHORT TERM SIGNAL VARIABILITY i
b i
Freq(MHz) 230 410 910 1846 4595 9190
8-10-66 at 22M 9-26-66 at 1M %
50% 94.6 99.9 129. 6 144.3 165.5 165, 4 3
N10% -90% <3 <3 3.8 4.0 9.7 8.8 L
9-26-66 at 7.3M ]
50% 126,6 1520 166. 6 171.4 b
AN10% -30% 3.9 11,8 8.1 8.1 '
9-26-66 at 14M
50% 133.1  143.0 161. 3 169.9 ]
N10% - 90% 14, 3 9.8 9.0 7.9 {
9-26-66 at 24. 5M ;
50% 106.8 115.6 122.0 125,0 ;
A10% -90% <3 <3 <3 <3 E
The immediate foreground is unobstructed for 1530 m. At this point, E
a 4-wire telephone line runs roughly perpendicular to the path, The 3
ground slopes down and away from the transmitter tor about 300 m, and %
then becomes level for the remainder of the path that one can see, About 3
l. 6 km away are farm buildings and trees. -‘
7
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L, (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage) 3
Freq (MHz) 230 410 910 1846 4595 9190 ];
2«21«67 at 256 M 12-2-66 at 1 M

50% 93,5 95.4 | 137.8 140.4 157, 0 157,7

A10% - 90% <3 <3 <3 <3 <3 < 3 i
12-2-66 at 7.3 M !

50% 126.0 144.9 159, 3 143.2 i

AL0% - 90% <3 <3 <3 <3 *

12-2-66at 14 M

50% 127.6 133.8 143.9 7R |

410% - 90% <3 <3 <3 <3 | !
12-2-66 at 24.5 M
]
50% 105, 3 118.0 120.3 123, 7 ‘ 3

AIO% - 90% <3 <3 <3 < 3 1
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RCVR. ELEV, R4-5-T3 XMTR. ELEV,

1503 M PATH LENGTH 5. 277 km 1493 M
- 1550M
i % —
- 1ABIM
1 1 ] i i 1
0 1 2 3 4 5
KILOMETERS
I, (dB) SHORT TERM SIGNAL VARIABILITY
Freqg(MHz) 230 410 910 1846 4555 9190
8-19-66 at 22M 9-2-66 at IM
50% 93.8 106.0 | 125.0 132.3 147, 2 141.3
’ A10% -90% <3 <3 <3 <3 3.6 <3
_-' 9-2-56 at 7.3M
' 509, 119.4  134.8 154,5 159.1
A10% -90% <3 <3 <3 <3
9-2-66 at 24. 5M
' 50Y% 105,06 11l1.3 123.0 127. 3
A10% -90% <3 <3 <2 <3

| The path, as far as one can sve, extends cver grassy farmlani,
with trees and farm buildings scattesed threougheut the area, A 6-wire
telephone line crosses pervendicules to the path, abcut 2 m in front of

and 3 m below the anteunac.
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R4-5-T3
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
2-24=67 at 25 M 12-7-66at 7.3 M
50% 94. 4 101, 8 126, 2 130,90 128, 4 142, 0
£1G% - 90% <3 <3 1 <3 <3 <3 <3 .
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PATH VIEW FROM TRANSMITTER
¢ Bearing from common receiver site to transmitter site is
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RCVR, ELEV, R4-5-T4 XMTR, ELEV, :
1503 M PATH LENGTH 4.806 km 1544 M :
i A
| : i
- 1600H
|
- i
]
j
1
E]
- 1400M . %
| i ] z r L
: 0 4 3 é ; 4
! KILOMETERS i 3
! L, (dB) SHORT TERM SIGNAL VARIABILITY | :
§
Freg(MHz) 230 410 910 1846 4595 9190 : ‘
8-19-66 at 22M 9-7-66 at 1M :
509% 1143 120.8 | 142.2 142.2 167.1 | 1
A10% -90% <3 <3 <3 <3 <3 ¢
9-7-66 at 7.3M p
50% 136.7 1452 185, 0 3
£10% -90% <3 <3 3.6
9-7-56 at 24, 5M ;
i 50% 126.2 135,2 153.3 . 4
£10% -90% <3 <3 <3 | ‘
i I
S p
| %
' The apparent horizon for the path is about 1.5 km away from the 3
transmitter. The foreground, which slopes upward from the transmitter, 4
consists of plowed fields with no obstructions except for a 3-wire power j

line, which crosses the path ¢bliquely about 45 m from the anteunnas,
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R4~5-T4

Freq (MHz) 230 410 910 16846 4595
3-10-67 at 25 M 12-7«66 at 1 M
50% 112.2 120.2 145, 7

0% <3 <3 < 3
12-7-66at 7.3 M

50% 149.2

90% K <3

12-7=066 at 14 M

50% 1145.6

90% <3

12-7-66 at 24,5 M
50% 133.6

A10% - 90% : <3

Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)
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RCVR, ELEV, R4-5-T5 XMTR, ELEV,
1563 M PATH LENGTH 4.890 km 1529 M
- 1600M
T |
< 400N
1 1 ] ] {
0 ! 2 s 4
K ILOMETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 9190
8-2-606 at 1M 9-12-66 al 1M
50% 126,4 145.5 145, 3 136.4 143.2
A10% -90% <3 11.8 <3 <3 <3
8§-2-66 at 11M 9-12-66 at 7. 3M
509 125.9 | 134.7 137.8 143, 4
A10% ~90% <3 <3 <3 <3
8-2-66 at 22M 9-12-66 at 24. 5M
50% 96.0 109.7 113.6 120.4 129, 4
AY0Y, -90% <3 <3 <3 <3 <3

The foreground is open farinland with scattered trees and farm

buildings.

and 3 m beiow the antennas.

the path about 200 m away.
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A telephone cable passes across the path about 5 m away

A power line crosses perpeundicular to
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RCVR. ELEV,

R4-5-Te6

XMTR. ELEV,

1503 M PATH LENGTH 4. 719 km 1537 M
- 1604M
|
- 1400M
1 ] ] [ B ,
0 2 b 4 i
KILOMETERS i
fb {4B) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) 2390 410 910 1846 4595 9190
8-3-66 at 1M 9-16-66 at 1M
50% 111.3  125.3 | 132, 137.9 147. 6 163, 4
A10% -90% <3 <3 <3 <3 <3 8.3
8-3-66 at 11M 9-16-66 at 7. 3M
50% 101.8  117.6 | 134. 130.7 140, 5 156.7
A10% -90% <3 <3 <3 <3 <3 3.0
8-.3-66 at 22M 9-16-66 at 21, 5M
50% 92,4 98.6 | 109. 111.0 124.7 126.3
AL0% -90% <3 <3 <3 <3 <3 <3 '

The path extends over open farmland for about 3 km, and slopes

gently downward and away from the transmitter,

is covered with scattered trees and farm buildings.
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Beyond 3 km the land
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R4-5-T6 i
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 210 1846 4595 9190
1-31-67at 25 M 1-10-67 at 7, 3M
& R0% 94.5 9, 0 131.9 140, 7 137.8 152.3
£Y0% ~ 90% < 3 <3 <3 <3 < ? <3

107




Gl A L LTS o

Rl L o

R4-10-T2
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PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is
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RCVR, ELEV,

R4-10-T2

XMTR, ELEV.

1503 M PATH LENGTH 8.091 km 1483 N
- leboM
- 1400M
1 1 i 1 1
0 2 4 6 6
XILOMETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 9190
8-10-66 at 3M 9-26-66 at 1M
50% 109.5 122.1 141.8 147.7 158.0 179.0
A0 - 90% <3 <3 6.0 3.5 <3 11.9
8-22-66 at 22M 9-26-66 at 7. 3M
50% 105. 3 107, 6 130.5 149.5 164.2 179.6
£10% -90% <3 <3 <3 3.5 5.5 14.2
9-26-66 at 14M
50% 134.2 150.7 160.2 121.0
ALO% -90% 4.5 9.8 <3 11.7
9-26-66 at 24.5M
50% 116,2 125, 8 132.0 136.5
A10% -90% <3 <3 <3 <3 :
The site is located in a farmyard with buildings on three sides.
A open foreground of farmland extends down the path as far as gne can i

see.,

The terrain slopes upward toward the receiver with the apparent

horizon abcut 3 km away, Scattered trees appear about 2 km from the

transmitter.
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R4-10-T2
Lb (dB) SHORT TERM SIGNAL VARIARILITY (Withcut Foliage)
Freq (MAz) 230 410 910 1846 4595 9190
2-17-67 at 25 M 12-2-66at 1 M
50% 103.2 108.1 141.8 155.3 156.5 168.5 S
A10% - 90% <3 <3 <3 <3 <3 <3
12-2-66at 7.3 M
50% 137.8 136,9 154,56 172.0 .
A10% - 90% <3 <3 <3 <3
12-2-66 at 14 M
50% 130.8 135,9 145, 5 162.6
210% - 90% <3 <3 <3 <3
12-2-66 at 24.5 M
50% 116.8 121.9 131.0 138.0
A10% - 90% <3 <3 <3 <3
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R4-10-T3

ERIE NE 1
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155° 18" 45

PATH VIEW FROM TRANSMITTER

Bearing from common receiver site to transmitter site is

S e ek Ay —————
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RCVR. IILEV, R4-10-T3 XMTR, ELEV. !
! 1503 M PATH LENGTH 11. 445 km 1546 M

- 14000
1 ] 1 1 1 " !
0 2 4 3 8 10 ‘
KILOMETERS
L, (dB) SHORT TERM SIGNAL VARIABILITY !
i Freq(MHz) 230 410 910 18446 4595 9190 ;
8-19-66 at 22M 9-7-66 at 1M
50% 111.4  121.3 | i42.,3 155.7 166.8 174,8 '
£10% -90Y% <3 <3 <3 <3 6.2 10.2
9-7-66 at 7.3M
50% 138.8  160.7 181.8 186.7
£10% -90% <3 <3 4.9 4.5
9-7-66 at 24. 5M
50% 127.4  138.2 150.2 164.3 :
A10% -90% <3 <3 3.9 4.5 {

The foreground is comprised of flat farmland for about 2 km.

The only apparent obstructions are telephone lines, which cross the

path at about 60, 300, and 800 m away from the transmitter. Railroad

tracks cross the path about 50 m in front of the anteunas,
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Ly (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage) i

Freq (MHz) 230 410 910 1846 4595 9190 !

3-10-67 at 25 M 12-9-66at 7.3 M

. 1

50% 116,7 118.6 |133.6 147.2 166. 1 175.4 1

AL0% - 90% <3 <3 <3 <3 <3 <3 §
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PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is

201° 48' 25"
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a—

RCVR, ELEV, R4-10-T4 XMTR., ELEV,

1503 M PATH LENGTH 7.232 km. 1586 M
- 1600M
—" .
- 1400M
L
1 ! 1 1
¢ 2 4 3
KILOMETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY
Freg(MHz) 230 410 910 1846 4595 9190
8-22-66 at 3M 9-7-66 at 1M
50% 115.3 118, 3 131.8 147.3 144, 7 138.1
510% -90% . <3 <3 <3 <3 <3 <3
8§-22-66 at 22M 9-7-66 at 7.3M
50% 93.9 99.5 121.8 145, 7 145, 7 150, 6
A0 -90% <3 <3 <3 - 5.7 <3 4,2
J-T7-66 at 24, 5M
50% 111.8 125, 3 124.7 131.1
AL0% -90% <3 <3 <3 <3

The path extends over open farmland with scattered trees. The
land is rolling and slopes downward and away from the transmitter,

A small lake lies across the path about 2 km away from this site.
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L, (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage) ;
Freq (Mdz) 230 419 910 1846 4595 9190 3
3-14-67 at 25 M 12-7-66 at 7.3 M. j

50% 94,8 101.3 | 119.0 135.2 137.7 144.8 i

610% - 90% <3 <3 <3 <3 <3 <3 *
%

\ J

!

j

!

4

3

3

'§

]

:

i

3

3

4 1

E-E

1

)

3

128

g




o TN 1+

R4-10-T5
NIWOT E 1

FATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is

227° 200 19"
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RCVR, ELEV, R4-10-T5 XMTR. ELEV,

1503 M PATH LENGTH 7.582 km 1543 M |
! - o o :
| - 1600M

< 1400M .
| . i
: 1 1 { 1 i
' 0 2 4 ¢ |
O KILOMETERS ;
b L, (dB) SHORT TERM SIGNAL VARIABILITY i
Freq(MHz) 230 410 910 1846 4595 9190 |
8 -4-66 at 1M 9-15-66 at 1M :
50% 127.6 129,2 | 137.6 155.3 146. 2 159.7
A10%-90% <3 <3 <3 <3 <3 <3
8-4-66 at 11M 5-15-66 at 7. 3M
50% 111.6  129.3 | 133,2  145.4 167.3 179.4
A10% -90% <3 <3 <3 <3 9.0 11,6
8-4-66 at 22M 9-15-66 at 14M
’_ 50% 102.0 109,01 133.5 151.4 170.5 188, 2 \
| A10% -90% <3 <3 <3 <3 9.0 11,6 !
‘_ ’ 9-15-66 at 24.5M |
: 50% 113.9  126.0 13,2 135.1 3
: . A10% - 90% <3 <3 <3 <3 ‘
: The terrain slopes away from the transmitter over alfalfa fields, |
Scattered trees are the only apparent obstructions. . B
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RCVE. ELEV,

R4-10-Té6

XMTR, ELEV,

193 M PATH LENGTH 8,808 km- 1552 M
- 1630M
_‘—__‘_-—’ .
- 1400M
1 1 1 )
0 2 4 6
KILOMETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 9190
8-8-66 at 1M 9-13-66 at IM
50% 151, 6 144,1 146. 3 168, 3 179.7 195, 6
£10% -90% <3 <3 <3 6.8 16,0 18.5
8-8-66 at 11M 9-13-66 at 7. 3M
50% 123.6 136,1 147.3 176.3 177.2 197.6
£10% -90% <3 <3 <3 13,5 9.0 17.0
8-8-66 at 22M 9-13-66 at 24. 5M
507, 1100 117.2 122.8 134,1 143, 2 i53.06
A1O% -909, <3 <3 <3 <3 <3 <3

The path slopes downward toward the receiver,

There are no

obstructions until scattered trees appear about 1.5 km in the distance.
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50%
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A10%

50%
A10% - 90%

230

2-10-67at 25 M

110.8
<3

R1-10-Té6
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

410

118.6
<3

910

142.1
<3

145.5
<3

147.0
<3

120.0

<3

142

1846 4595 9190
1-9-67 atl M

158.17 188.5 177.0
<3 5.2 3.3
1-9-6/at 7.3 M

159.7 177.1 186.4 s
<3 <3 <3

1-9-67at 14 M
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RCVR. ELEV,

R4-10-77

XMTR. ELEV,

1503 M PATH LENGTH 7. 861 km-® 1549 M
- 1600M™
- ﬂ
_— -
- 1400M
1 1 1 ]
0 2 4 6
KILOMETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 9190
8-3-66 at 1M 9-13-66 at 1M
50% 124, 7 138.3 136.8 152. 4 170.5 176. 6
A10% -90%, <3 <3 <3 <3 6.7 8.8
8-3-66at 11M 9-13-66 at 7. 3M
50% 121.9 128.2 135.3 151.9 176.7 175. 4
A10% -90% <3 <3 <3 <3 101 3.0
8-3-66 at 22M 9-13-66 at 24. 5M
50% 103,8 107.9 115.3 123.4 133,9 142.1
A10% -90% <3 <3 <3 <3 <3 <3

The path exteuds over level, open grass land for about 3 km.

Large trees, 20 m tall, are growing just to the right of the path, about

500 m away.

about 45 m from the antennas.

A 2-wire telephone line runs obliguely across the path

Running parallel to the telephone line,

but behind the antennas, is a 2-wire power line.
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Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
1-31-67 at 25 M 10-10-67 at 7.3 M
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R4-20-T1
GOWANDA SE 1.5

PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is

78° 46" 07"
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RCVR, ELEV, R4-20-T1 ¥MTR, ELEV,

1503 M PATH LENGTH 18, 380 km C147T M
A ", :{V..: N - liij d l \; ] T ‘ ;: -
. Y L I
R PL I : - o= 1800K
'N\--n._.“
' [ e “N:.“‘.-\'\I- o
« 1300M
e
1 " ] 1 1
¢ 4 ] 12 16
XILOMETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY
Freq (MHz) 230 410 910 1846 4595 9190
£-11-66 at 1M G-27-65 at IM
50% 145, 6 153, 1 171.2 173.9 206.0
£10% -90% <3 <3 <3 <3 4.5
8-11-66 at 11M 9-27-66 at 7.3M
50% 128.7 146. 6 170.2 184, 7 210.1
A10% -90% <3 <z <3 <3 <3
8-11-66 at 22M 9-27-66 at 14M
50% 120.7 132,2 162.0 175.7 205,11
H10% -90% <3 <3 <3 <3 <3
9.27-66 at 24, 5M
50% 146.2 160, 8 171.8 190, 1
AIO% -90% <3 <3 «3 7.4

The immediate foreground of this path is dirt road for about 30 m.
Beyond is marshland with low trees to the left and a pond tc the right of
the path. Trees, about 1 km away, obscure the horizon. A 4-wire
power line, to the right of the antennag, pavallels the path for about

30 m, and then angles away at about 200 to the rath,
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R4-20-T1

Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz)
50%
ALO0% - 90%
50%
510% -~ 90%
50%
AL0% - 90%
50%
A10% - 90%

230

2-17-67at25M

117.7
<3

410 910 1846 4595 9199
12-1-66at1 M
128.3 169.0 170.6 190.5
<3 <3 <3 <3
12-1-66at 7.3 M
167.7 175.6 197.5
<3 <3 <3
l12-1-66at 14 M
152.9 175.8 189.9
<3 <3 <3
12-1-66at 24.5 M
144. 4 158.6 164.5 189.0
< 3 < 3 <3 <3
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R4-20-T2
FIRESTONE NE3

PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitier

93° 12' 07"
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RCVR, ELEV, R4-20-T2 XMTR, ELEV.
1503 M PATH LENGTH 19.195 km. 1518 M
- 1600M
..—’—N
-——‘-WM hd Nn"—'-—-/
= 1300M
1 1 | 1 1
0 4 e 12 16
KILOMETERS
Lb (dB) SBORT TERM SIGNAL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 9190
9-27-66 at 1M
50% 151.2 173.2 177.5 192.1
510% -90% <3 <3 <3 4.4
9-27-66 at 7.3M
50% 153.7 167.8 181.0 19C.8
510% -90% <3 <3 <3 3,6
9-27-66 at 14M
50% 141, 7 161,5 172.5 201.4
£10% -90% <3 <3 <3 7.1
9.27-66 at 24.5M
50% 128.2 136.6 145.9 159, 6
£Y0% -90% <3 <3 <3 4.1

The antennas are aimed down a dirt road .,

The apparent horizon

is 2 km away, where large trees cross the path, Open farmland exists

to the right and left of the path. There are no telephone uor powcer lines

nor feunces in the vicinity.

159

e e e——————

b

U
A
Kl
1

H
H

O AN sttt it s, SNG4 il s At ak Dl Mt b A0 ot i

ey

o et ek o il PR

taitcid




Besic T.onsainsien Loss i3 Decibely

Bazic Tronvaizaion Leua i Docibels

R“?O‘TE 910 Hwl
- FOLIAGE 9/27 /68
FIRESTONE NE3 svesrw NO POLIAGE 127 1766
(R
’,_
120
150 v
el
) o

3+
-,{\ -
<

"
<

B D)

18

19 s
200

31

0 2 & & 8 10 12 1 18 18 20 2 W ¥ M
Antonne Height Apgve Grousd is Metery
R4-20-T2 in46 M7
~ -— FOI 72 68
FIRESTONE NE3 ... WO FCLIAGE 127 1766

110

120

159 P CrLL B

L
" -
mL Y ¥ i ]
RN P
< 4 P
o 8 s
159 = )
I f/
160 h r\,[‘
' |

&1

190

190
200
¢

0 < 4 [ L] 1 12 14 16 ¢ 20 R 1 N

Antoung Mplghs Adgve Grevne iv Kators

160

i,

L e S haiamme oo

’ - s - cot M . el s
i i o o ek Ak e s P it e Mt At it e A S bV

Ny

et i

o A e e el

Mt i,

BN PIRrS



P

B e}

o TERE TR

o ¥ mroy e e
.
RE-20-T2 395 ]
. e FOLTAGE 27766
FIRESTONS NFY - ceneee NO FOLINGE 12/ 1766
120 ]
b 1]
143
Tt
150 £
. afevefeavd.
3
M
a
L o
: ;
H i3
U \ Joa
E )
» da
Dt
p |
& 200
ze

I
22’0 H 4 [ L} 1 12 1

Apvgana Hpight Appre Graysé in Magera

RA-20-T2 FICTR Y 4
—e— FOL{AGE *27 188
FIRESIONE NES Tee WO FOLIAGE 127 1768

140 T r

- -)Q'

L7y

160 )-—--1L
—

Basic Tranamigeioe Lenc In Doc

16 18 0 22 u u n

2
2/ —l
el 1]
] 2 5 ¢ €& ¥ 12 116 b 2 2 1 2R Qe
Ay tanng tigight Angro Greved is Metare
161
3 TTRTERY vy . o

ot mr—

st s

—p ———— e~




1
‘ . S R - i
i :
|
| R4-20-T2 3
| L, (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)
| » Freq (MHz) 230 410 910 1846 4595 9190
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RCVR, ELEV, R4-20-T4 XMTR, ELEV,
1503 M PATH LENGTH 19.527 km 1573 M

e
- 1300M
: 1 1 1 t 1
0 4 8 12 16
KILOWETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) 230 410 910 1346 4595 9190
8-22-66 at 3M 9-8~66 at 1M
50% 156.6  166,7 | 172.7 192,3 200.0
£10% -90% <3 <3 <3 <3 5.0
8-22-66 at L2M 9-8-66 at 7. 3M
50% 140, 3 149. 6 168.7 187.3 209.2
510% -90% <3 <3 <3 <3 <3
G-8-06 at 24, 5M
50% 159, 7 179.3 188.2
A10Y% -90% <3 <3 <3
The terrain, in the dircction of the receiver, is generally fiat and
- slopes upward to an apparent horizon about 3 km away. About % i in
front of the antennas is a low, barbed-wire fence, Scattered Luildiag:

are in the path at the horizon,
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R4-20-T4
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)
Freq (MHz) 230 410 910 1846 4595 9190
3-14-67at 25 M 12-9-66at 7.3 M
50% 137.9 147.8 164.3
A10% - 90% <3 <3 <3
' 12-9-66 at 24.5 M
ES
50% 157.8 174.0 189.9 202.4
£10% -~ 90% ' <3 <3 <3 <3
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PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is
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RCVR, ELEV, R4-20-T5 XMTR, ELEV.
1503 M PATH LENGTH 16,196 km 1612 M

< 1300M
1 1 1 1 i
0 4 8 12 16
KILOMETERS
Lb {dB) SHORT TERM SIGNAIL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 9190
8-4-66 at 1M 9-15-66 at 1M
50% 153.5 146.8 149.3 175.3 187.2 167.9
£10% -90% <3 <3 <3 <3 <3 <3
8-4-66 at 11M 9-15-66 at 7.3M
50% 128.6 142,5 156. 8 168.3 192.7
A10% -90% <3 <3 <3 <3 <3
8-4-66 at Z2M 9-15-66 at 14M
50% 114.6 119.2 155.3 i63.3 195 4
510% -90% <3 <3 <3 <3 4.7
9-15-66 at 24. 5M
50% 138,9 148.2 154, 9
A10%-90% <3 <3 <3

Immaediately in front of the anteunas, about 25 m away, a 3-wire
power line crosses the path. About ! km away, the path crosses
Boulder, Reservoir, The terrain slopes gently downward toward the
receiver. The horizon appears to be formed by scattered trees and

buildings on the far shore of the reservoir,
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R4-20-T5
Lb {dB) SHORT TERM SIGNAL VARIABILITY (Without Fcliage)

Freq {MHz) 230 410 910 1846 4595 9190
2-10-67 at 25 M| 1-9-67at1 M
50% 114.2 117.5 148.4 169.5 191.2 192.1
A10% -~ 90% < 3 <3 <3 < 3 <3 < 3

1-9-67a2a+ 7,3 M

50% 162.9 170. 5 181,2
410% - 90% <3 <3 <3
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RCVR. ELEV, E4-20-T6 ‘i - XMTR, ELEV.
1503 M PATH LENGTH 17.038 km 1670 M
| .« 17000

- 1300M
: z 1 z AR S
0 4 8 12 e
g KILOMETERS : '
! L, (d¥) SHORT TERM SIGNAL VARL:BILIT" ‘
Freq(MHz) 230 410 ; 910 1846 4595 Y190
8-4-66 at IM ¢ -15-66 a% iM
50% 144.6  123.9 | 135.1 150.3 V61,4 173.1
: A10% -90% 7.6 <3 <3 <3 <3 5.0
; 8-4-66 at L1M 9-15-65 at 7. 3M
50% 115.6 125.0 | 151.,3  147.} 1%2.2 T 182.0
' L10% -90% <3 <3 <3 <3 4.9 4.5
' 8-4-66 at 2Z2M 9-15-66 ar 14M
507 164, 169.8 | i45.3 157.3 181, 3 187. 4
£10% -90% <3 <3 <3 <3 5.4 7.2
9-15.64 at 24, &M
50% 161.1 123.4 139.4 139.7
Lo A10% -90% <3 <3 <3 <3

The foreground of this path drops off rapidly fur ahoot 450 m,
Immediately to the right of the path, abcut 2 ki away, is Haysack
Mountain, aad to the left is Table Mountain, both of which rise above
the apparent line-of-sight path Lo the receiver, The apparent horizon

is formed by a line of trees about 2. 5 km away,
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R4-20-T6

I, (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)
; Freq (MHz) 230 410 910 1846 4595 9190
2-8-67 at 230 M 1-11-67 at] M
s 50% 103.3  108.6 | 135.2  140.1 154. 4 167.5
810% - 90% <3 <3 <3 <3 <3 <3
1-11-67at 7.3 M
50% 135.9  138.1 154.9 168.6
’ A10% - 909 <3 <3 <3 4.2
. : 1-11-67 at 14 M g
50% 135.5  150.1 154.3  152.5
£ 3G% - 94% <3 <3 <3 <3
1.11-67 2t 24.5 M
509 ' 114 7 122.5 131.9 134.5
AlQ% - &0¢, <3 <3 < 3 <3
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RCVR. ELEV. R4-20-17 XMTR, ELEV,
1503 M PATH LENGTH 16.023 km. 1725 M
- 1700M -
Y o
~ 1300M
: ) 1 ) 1 ' 1 [
' 0 4 e 12 16
KILOMETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY
| Freq(MHz) 230 410 910 1846 4595 9190
_ 8-4-66 at 1M 9-15-66 at 1M
3 50% 122,2 141.0 135.3 153. 8 153, 7 158.4
. A10% -90% <3 <3 <3 <3 <3 <3
. B-4-66 at 11M 9~-15-66 at 7. 3M !
50% 313.9 124,0 125.8 129.9 142,2 165.9 f
£10% - 90% <3 <3 <3 <3 <3 4.5 ;
£-4-66 at 22M 9-15-66 at 14M :
50% 101,80 108.5 124.3 136.9 163.2 165.9
£10% -90% <3 <3 <3 <3 <3 <3
9-15-66 at 24, 5M
50% 114.3 122.9 129.7 125.9
A10% -90% <3 <3 <3 <3 4
The immediate foregroaind is grassy pasture. The ground slopes
downward and away from the transmitter. A 4-wire power line is about -
6 m from the antennas, with the lowest wire at the same height as the
aatennas,
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R4.20-"7
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
2-8-67 at 25 M 1-10-67at 7.3 M

50% 103.5 106, 8 121.2 126.1 141.3 150.4 .

A 10% - 90% <3 <3 <3 <3 <3 <3
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RCVR, ELEV, R4-30-T2 XMTR, ELEV,
1503 M PATH LENGT:{ 29,451 km 1540 M

f
\
/
\

]
- 1300M '
1 - ] ] 1 1
0 3 12 18 24
K ILOMETERS
L, (dB) SHORT TERM SIGNAL VARIABILITY ;
Freq(MHz) 230 410 910 1846 4595 9190
8-11-66 at 1M 9-28-66 at 1M
50% 135.8 151.4 | 150.5 157.8 186, 4 197.1
A10% - 90Y% <3 3.1 | <3 3,0 9.2 8.3
8-11-66 at 11M 9-28-66 at 7. 3M
50% 131.2 132.9 | 145.1 159.2 189.0 189.5
£10% -90% <3 <3 <3 <3 <3 3.5
8-11-66 at 22M 9-28-65 at 14M ,
50% 115,86 119,2 | 142.6 170.3 172.6 188. 1 i
, £10% -90% <3 <3 <3 12.8 <3 4.5
' : 9-28-66 at 24, 5M
509, 126.6  134.1 140 1 145, 6
D10% -90% <3 <3 <3 <3

The appareut horizon is about 10 km from the transmitter.
Scattered trees grow in a valley about 3 km away. Freshly plawed

fields are iu the immediate foreground.
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Lb (dB) SHORT TERM SIGNAL VARJABILITY (Without Foliage)

R4-30-T2
Freq (MHz) 230 410 910
2-1(-67 at 25 M
50% 1'..1 119.0 | 152.
) ALO% - 90% <3 <3 <3
. 50% 151.
=
AM0% - 90% <3
50% 14.2.
210% - 90% <3
50% 126.
510% « 90% <3
i
197

1846 4595 9190
11-3C0-66at 1 M

163.6 182.8 207.0
<3 <3 <3

11-30-66 at 7.3 M

166.6 182.3 185.0
<3 <3 < 3
11-30-66 at 14 M

159.4 172.3 181.3
<3 <3 6.3
11-30-66 at 24.5 M

133.1 141, 3 136.0
<3 <3 <3
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PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is

155° 331 01"
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F.ee Space Loss (dB)

| 230 - 109.1
410 - 114.1
910 « 121.1

1846 - 127, 2
4595 - 135.1
9190 ~ 141.1
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Antenny Height Above Ground in Meters
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RCVR, ELEV, R4-30-T3 XMTR., ELEV,
1503 M PATH LENGTH 29,611 km 1601 M
- 1650M
P o .
.
- .
- 1350M
1 ] 1 1 1
0 9 12 18 24
KILOMETERS
Lb (dB) SIIORT TERM SIGNAL VARIABRILITY
Freg(MHz) 230 410 910 1846 4595 9190
8-22-66 at 1M 9-8-66 at 1M
50% 165.7 178.8 178.3 199.0
A10% -90% <3 <3 3.0 6.5
9-8-66 at 7. 3M
50% 163.8 180, 3 196. 4
£10%-90% <3 6.0 7.0
9-8-66 at 24. 5M
50% 156,3 166.3 176,95 164.2
A10% -90% <3 <3 4,5 9.5
This transmitter site is on the ~dge of a housing development in
which two houses, 75 m away, form the apparent horizon. Large trees v

are on either side of the path.
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R4-30-T3
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)
Freq (MHz) 230 410 910 1846 4595 9190
3-14-67 at 25 M 12-9-66 at 1 M
: 50% 139.4 148.4 | 173.5 183.4 196. 3 7
! A% - 90% <3 <3 <3 < 3 < 3
12-9-66 at 7.3 M
B
. 50% 160.5 182.4 198, 3
A10% - 90% <3 <3 <3
12-9-66 at 14 M
50% 169.0 183.4 192.3
! A10% - 90% <3 < 3 <3
«l 12-9-66 at 24.5 M
50% 1532, 5 165.9 178.0 195.4
210% - 90% <3 <3 < 3 <3




R4-30-T4
EAST BROOMFIELD

PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is

176° 07" 40"
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Bosic Tronamission Loss in Decibels
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RCVR. ELEV, R4-30-T4 XMTR. ELEV.

: 1503 M PATH LENGTH 28.281 km 1634 M
i
- 1700M
/M !
T
: : - 1300M
| 1 1 ! 1
, t’) 3 12 18 2¢
[ KILOMETERS
L, (dB) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 9190 ‘
8-23-66 at 22M 9-8-66 at 1M j
50% 142.6  158.9 189.3 206.2 i
A10% -90% <3 <3 <3 5.0 i
§ | 9-8-66 at 7.3M
o 50% 175.1  192.3 1
- A10% -90Y% <3 <3 ,
‘ 9-8-66 at 24, 5M !
50% 167.1 184.3 201.2 1
AU -90% <3 <3 6.5 -
i
;
. 3

The path lies over a gravel road which runs off to the right of the

Path at an angle of about 102, A 4-wire pPower line parallels the road r

and crosses the path, about 75 m away, at antenna height. A hill about

3 km away forms the horizon,

207




Basic Trensmisyina Loss in Decinele

Banit Trasastunian Lers in Bocidels

12¢

15¢

148

19¢

160

i

AL 1

W

e

124

150

149

15¢

160

179

190

W

Mg

Feid

R4-30-T4
E. BROOMFIELD

280 Wl
FOLIAGE  #728766
NO FOLIAGE S/10/6°

v RCELY I

2 4 3

1§}

12

2]

W R U N

ARIonng Maight Abeve Grourd fa Netors

R4-30-T4

E. BROOMFIELD

419 M2
FOLIAGE /2376
HO FOLTAGE 3/14/8°

ooy ¥
TV Yy

E I | [

”?

11

1

2 2 u n

Antesng Maighy Abged Graund Iu Metery

208

L]

[




. v S e

R4-30-T4 210 M
—  FOLIME 8 4056
E. BROOMFIELD ceniee KO :CL:ALE :2//12./“ i
] 5 0 !
HT
159
1
i 168

e

i8¢

199

200

Basic Tronseinnien Lass in Decivels

Lt — e i n
«

210
. 220
§
{
i 2%
[} 2 4 £ ] 1012 14 16 1t 20 22 M4 26 20
Avionng Height Aypye Grousd In Metary
1]
i
R4-30-T4 1046 ™z
—— FOLIAGE kI8 T3
E. BROOMFIELD ciesee ND FOLINGE 12712786 :
149 ;
150
|
10
: 179
LT .
. 8 A Y
PR 0 ' 0
(U
s
- 200
I
P :
S
H
= 20
i %0
i
240

¢ 2 4 1 L N T I T T A T TR )

Astonny Height dhgye Groung In Mpteey

209




Beatic Tronsainsion Lesw is Decibols
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Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)
Freq (MHz) 230 410 910 1846 4595 9190
3-14-67 at 25 M 12-12=66at1 M
50% 143.0 160.2 179, 7 202.7
ALOY% - 90% <3 <3 <3 <3
12~12«66 at 7.3 M
50% 168, 7
£10% - 90% <3
12-12<66 at 24.5 M
50% 164, 2 181. 0 197. 7
ALO% - 90% <3 <3 <3
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R4-30-75
GREEN MOUNTAIN

PATH VIEW FROM TRANSMITTER
Bearing from cominon receiver site to transmitter site is

220° 92" gon

211

e e e . ——— e et

S e e

b

NN WY S I VRO




—— 230 MMZ 8/ 5/5%
crrtc @ ‘10 HHZ

_z2q- —em 910 MMZ  9/16/66
R4-30-T5 veeere 1846 MHZ
- 4595 MW2
GREEN MQUNTAIN —— 9190 MWZ
e AN “-/'— -
"4. * >
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R Ve .
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RCVR, ELEV,

1503 M

N T e TR VY T

R4-30-T5

TPLFTT RIS . gy

XMTR,

PATH LENGTH 23, 714 km

FLEV,
1796 M

1800M

= 1300M

(=T

¥

req(MHz)

50%
A10% -50%

50%
A10% -90%

50%
A10Y% -90%

50%
A10% -90%

1
18

SHORT TERM SIGNAL VARIABILITY

1 [
6 12
KILOMETERS
4, (D
230 410 910
8-5-66 at 1M
128.0 141, 7 144,0
<3 <3 <3
8-5-66 at 22M
107.3 112.2 133.5
<2 <3 <3
153.0
6.0
120.0
<3

1846 4595
9-16-66 at. 1M

148.8 156.0
<3 <3
9-16-66 at 7. 3M
147.3 162.7
<3 <3

9-16-66 at 14M

158.3 183.2
<3 8.7

9-16-66 at 24. 5M
128.9 137.2
<3 <3

9190

155, 1
<3

<3

187.7

141.1
<3

The transmitter site is at the edge of Green Mountain, a mesa

sight, as far as one can see.

overlooking the city cf Boulder.

The path to the receiver is line-of -
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R4-30-T5
Lb (dB) SHORT TERM SIGNAL VARIARBILITY (Witl.out Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
2-9-67 at 25 M 1-9-67 at 7.3 M
{ 50% 105. 0 1311 134.3 141.2 151, 4
A10% - 90% <3 <3 <3 <3 <3




R4-30-Té6
GOLD HILL - SUNSHINE

PATH VIEW FROM TRANSMITITER
Bearing from common receiver site to transmitier site is

243% 50" 13
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BV

RCVR, ELEV, R4-30-T6 XMTR, ELEV.

1503 M PATH LENGTH 25,373 kim 2256 M
- 2200M
—— e
- 1200M
1 1 1 1 i
0 6 12 18 24
KI1LOMETERS
Lb {(dB) SHORT TEKRM SIGNAL VARIABILITY
Freq{(MHz) 230 410 910 1846 4595 9190
8-5-66 at 3M 9-15-66 at 1M
50% 122.3 124,56 149.7 153. 6 161.1 171.3
AL0% -90% <3 <3 4,7 <3 <3 <3
8§-5-6H6 at 22M 9-15-66 at 7. 3M
50% 110.8 115.0 142. 4 157.0 171.3 185. 6
A10% -90% <3 <3 <3 <3 <3 12.6
9.15-06 at 14M
50% 145. 6 156, 4 180, 7 195 5
A1Q% -90% <3 3.8 7.5 9.3
9-15-66 at 24. 5M
50% 124.7 131.4 139.0 146.0
A10% -90% <3 <3 <3 <3

The path, as far as one can see, is line-of-sight. However, the
foreground is rough and covered with coniferous trees. A hill about

4 km away hides most of the valley beycnd. About 12 m in frout of the

antennas, but about 3 m below them, many telephone lines cross the path.
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1
R4-30-T6 ;
L, (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)
j
Freq (MHz) 230 410 910 1846 4595 9190 ]
2-9-67 at 25 M 1-12-67at 1 M
50% 109.7 120.2 | 148.0 151.8 151.8 155. 0 :
A10% - 90% <3 <3 <3 <3 <3 <3 : )
1-12-67 at 7.3 M §
B
50% 137.8  155.3 155. 3 166. 5
£10% < 90% <3 <3 <3 <3 - :
1-12-67 at 14 M j
50% 137.0  146.3 156. 4 174.5
A10% - 90% ' <3 <3 <3 <3
1-12-67 at 24.5 M
50% 123.0  131.4 137.0 142.5
i ALQ% ~ 90% <3 <3 <3 <3
{
!
i
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RCVR, ElLry,

e owe

"",‘W"F"#’.‘%f" ”

R4-30-T7 XMTR, ELEV,
1503 M PATH LENGTH 23.929 km,. 2316 M
~ 2200M
- 1200M
)] ! ! 1
¢ 6 1e 18
KILOMETERS
Lb (dB) SHOR T TERM SIGNA L VARLABILITY
Freq(MHz) 230 410 910 1846 4545 9160
8-5-66 at 3 9-19-66 at 17
50% 113, 9 122.4 136,90 132.4 151, 2 153,35
AL1Q% - 90% <3 <3 <3 <3 <3 <3
8-5-66 at 22M 9-19-6¢ at 7. 3M
509 06,1 112, 4 133,9 145, 3 175, 8 169, 0
AIO%-90% <3 <3 <3 <3 9,2 6.0
9-19-66 at 14Mm
50% 134, 9 149, 3 175, 4 183 5
A10% -909, <3 <z . 9.8 9.8
9-19.6% at 24, 5M
509 122, 9 129, 4 133,2 142.0
810% - 909, <3 <3 <3 <3
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R4-30-T7
Lb {dB) SHORT TERM SIGNAL VARIABILITY (Without Foli ge)

Freq (MHz) 230 410 910 1846 4595 9190
2-9-67 at 25 M 1-12-67atl1 M
50% 108.9  121.4{ 129.2 130.6 156. 0 145.8
, - AY0% - 90% <3 <3 <3 <3 <3 <3
| 1-12-67at 7,3 M
! 50% 126.3  140.0 146.5 155.8
- A10% - 90% <3 <3 <3 <3
1-12-67atla M
i
50% 136.2  151.0 153, 5 173.9 5
A10% - 90% <3 <3 <3 9.4
/ 1-12-67 at 24,5 M
50% 118.2  126.6 134. 5 135.8

£10% ~ 90% <3 < 3 <3 <

W
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RCVR, ELEV, R4-50-T1 XMTR. ELEV,
1503 M PATH LENGTH 46.732 km 1503 M

1550M

- 1250M :
!
1 ! ! | 1 H
¢ 10 20 LR al
KILOMETERS H
Lb (dB) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 9190
8-18-66 at 1M 9-29-66 at 1M : f
50% 162.8 170,6 188.0 195.4 197.0 203,6 :
A10% - 90% <3 5.2 <3 <3 7.1 8,0 ]
8-18-66 at 11M 9-29-66'at 7,3M |
50% 150,1 162.8 130 188.4 211,5 _
A10% -90% <3 <3 <3 £.5 i E
8-18-66 at 22M 9-29-66 at 14M
50% 143, 6 151.0 172.0 189. 4 194,5 : i
A10% - 90% <3 3.0 <3 3.6 1
9-29-66 at 24. 5M b
50% 162.5 169.9 178, 1 193.8 ]
ALO% - 90T <3 <3 4.3 12,0 @
!
The path extends over rolling farmland to an appareut horizon

about 30 or 40 km away. There are scattered trees and buildings along
the path,
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Bosic Tranamisaler Loos in Decibels

Busic Trensntasion Loss in Decibels
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Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (Miiz)

50%

AL0% - 90%

50%

£10% - 90%

50%

A10% - 90%

50%
Y0%

210%

230

3-3-67at 25 M

145, 0
<3

149.8

ik At ol

]
R4.50-T1
910 1846 4595 9190
i1-30-66at 1 M
175.7 197.3 .
<3 <3
11-30-66 at 7.3 M
174, 7 203.0 L
<3 <3
11-30-66 at 14 M
164,.2 180.7 191.8 200.9
< 3 < 3 <3 <3
11-30<66 at 24.5 M
160.2 167.7 171.3 187.9 .
<3 <3 <3 <3
e
~ !
|
i
p
i
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RCVR. ELEV. R4-50-T2 XMTR, ELEV.
1503 M PATH LENGTH 48,910 km 1523 M
- 1600M

- 1350m
1 ] 1 f ) 1
0 10 0 30 49
KILOHETERS
Lb (dB) SHORT TERM SIGNA)L VARIABILITY
Freq{MHz) 230 410 910 1846 4595 9190
9-29-66 at IM
50% 183, 7 188.5 204.8
A10% -90% <3 <3 7.0
9-29-66 at 7. 3M
50% 172,77 186,5 201.3
A10% -90% 8.0 <3 9,5
9-29-456 at 14M
509, 172.2 178.5 200.8
£10% -90% 5.0 8.0 9.2
9-29-66 at 24, 5M
50% 155.7 163.0 171.3 173.8
AYOT -90% <3 4,0 4,2 4,0

The path lies over a dirt road which runs to the left of the path at
an angle of 5°, A 3-wire power line parallels the road to the left of the
antennas, and a 6-wire telephone line parallels the road to the right.
The telephone line crosses the path about 60 m away. The path crosses

a grove of trees about 400 m away, and the apparent horizon is about

20 kra in the distance,
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Freq (Mlz)

50%
ALO0% - 0%

50%
£10% - 90%

50%
810% ~ 90%

50%
£10% ~ 90%

230

410

[ .-v—ﬂ"'"”ﬂ"w""ww R

R4.50-T2

910

183.
<3

174,
<3

<3

171.4

Lb {(dB)} S;HHORT TERM SIGNAL VARIABILITY (Without Foliage)

1846 4595
11-29~66at1 M

9190

184.1

<3 < 3
11-29-66at 7.3 M

202.8

195.1 201.8 196.3
<3 <3 <3
11.29-66 at 14 M

175.1 189.8

<3 < 3 < 3
11-29-66 at 24,5 M

163.1 168.8 167, 3

<3 < 3 <3
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RCVR., ELEV, R4-50-T3 XMTR. ELEV,
1503 M PATH LENGTH 49.699 km . 1579 M

1600M

- 1350M i
1 1 i ) 1 1 :
‘ 0 10 20 50 40 i
KILOMETERS i
| L, (dB) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 9190 :;
8-15-66 at 11M 9-28-66 at 1M 4
| 50% 150.6 153.8 168, 1 173.7 191.6
: A10% -90% <3 <3 3.5 <3 <3
’ 9-28-66 at 7. 3M
50% 162, 1 171,2 201,6 g
£10% -90% <3 <3 4,0 ;
9-28-66 at 14M :
50% i58.1 175,2 197.6
510% -90% <3 4.5 6.2 ;
l 9-28-66 at 24. 5M
50% 150.1 158,2 175.6 185.0 |
| - 510% -90% <3 <3 <3 6.0 i
\ * The path extends over cultivated fields for about 3 km, then over
grassy land to the apparent horizon abouat 20 km in the distance.
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L, (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz)
50%
A10% - 90%
50%
510% - 90%
50%

ALO% - Q0%

50%
810% - 90%

230

2-27-67at 25 M

141.9

<3

410 910

146,.8 170.1
<3 <3

159.6

<3

160,1

< 3

152,1
<3
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1846

4595

11-29-66at1 M

171.6
<3

11-29-66 at 7.3 M

168.6
<3

11-29-66at 14 M

171.6

<3

11-29-66 at 24.5 M

159.6
<3

+*

186.8
<3

207.0
< 3

190, 8

< 3

s177.8
<3

9190

200.3
<3

200.3

<3

199.3

< 3

183.8
<3
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———— ]

RCVR, ELEV, R4-50-T4 XMTR, ELEV,
1503 M PATH LENGTH 40,492 km- 1718 M
- 1800M
- 1300M
1 1 1 1 ' 1
0 10 20 30 40
KILOMETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) ~ 230 410 910 1846 4595 9190
§-.24-66 at 22M 9-9-66 at 1M
50% 140,0 143, 7 163,1 189, 3 206, 7
AL0% -90% <3 <3 <3 <3 6,0
9-9-66 at 7.3M
50% 164,1 187.3 204.,7
AYO% -90%: <3 <3 6.5
9-9-66 at 24, 5M
50% 146, 6 167.3 i79.5 188.9
510% -90% <3 3.0 5.0 13.6

The foreground of the path, consisting of rocky grass land,
extends for 90 m. The terrain the drops off for 60 m o a valley below.
Thke radio horizon is about 5 km beyond the valley, and is formed by a
rounded, grassy ridge., There are scattered trees throughout the

valley.
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R4-50-T4
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)
! Freq (MHz) 230 410 910 1846 4595 9190
- 3-13-67 at 25 M 12-12-66at 1 M
50% 137.9  145.3 | 168.7 191.5 203,2 -
§ 2
: A10% - 90% <3 <3 <3 <3 <3
' 12-12-66at 7.3 M
50% 169.7 181.0 193, 7 199.1 “
210% - 0% <3 <3 <3 <3
12-12-66 at 14 M
1' 50% 174.0 187.2 192.1
A10% ~ 90% <3 <3 <3
12-12-66 at 24.5 M -
55% 152.2 162.5 178.2 186.6
410% - 90% <3 <3 < 3 <3
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RCVR, ELEV, R4-.50-T5 XMTR, ELEV.
1503 M PATH LENGTH 41,435 km 1996 M
» 2000M
_—_f—f—
— - 1200M
1 1 1 ! 1
¢ 10 20 30 40
KSLOMETERS
L_D (dB) SHORT TERM SIGNAL VARIABILITY
Freq(MHz) 230 410 910 1846 4595 9190
8-24-66 at 22M 9-9-66 at 1M
50% 112,9 117.4 144, 2 i50.8 167.9 165, 3 .
A10% -S0% <3 <3 <3 <3 <3 3.5 '
9-9-66 at 7.3M
50% 136.2 150.3 168.9 168, 8
A0 -90% <3 <3 5.0 3.0
9-9-664 at 24, 5M
50% 124.7 132,3 139.4 141, 3
ANi0% -90% <3 <3 <3 <3

The foreground of the radio path consists of rocky terrain with
sparse grass, and extends for 30 m, At this point, the mountain drops
cff for about 200 m to the valley below. The remainder of the path is

cultivated farm land.
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Freq (MHz)
50%
510% - 90%
50%
210% - 90%
50%

A10% - 90%

50%
A10% - 90%

230 410
3-13-67 at 25 M
113.4 117.0
<3 <3

et e

R4-50-T5
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

210

142.3

1} <3

130.3
<3

132.3
<3

124.8
<3

265

1846 4595
1-11-66at 1 M
160, 0 179, 8
<3 <3
1-11-66 at 7.3 M
139.6 159, 3
<3 <3
1-11-66 at 14 M
147.6 151,3
< 3 <3
i-1i-67Tat 24.5 M
132.1 142,90
<3 <3

2190

161.1
<3

161.6
<3

156. 1
<3

141.6

.<3




2. METEOROLOGICAL INFORMATION

This section of the report presents a comprehensive listing of meteor-
ological parameters for each path that were obtained simultaneocusly with
the path loss measurements. Wet and dry bulb temperatures were obtained
by reading electrically operated psychrometers; atmospheric pressures
were indicated on high-grade aneroid barometers; percent relative humidity
was calculated from data obtained at the site, Cloud types were based on the
National Weather Service cloud code ciassification, and percent cloud
cover, wind speed, and wind direction were estimated.
Type Dry Wet  Atmos. % %y Wind

of Bulb Bulb Press, Rel, Cloud Cloud Speed
Site Temp C  Temp € mb Humid, Type Cover & Dir, Terminal

_ R4-0.5-T1 Longmont Sl
UHF  August 8, 1966

OPEN 18.3 14,4 870.0 67 L2, M6 100 5 Revr
16,7 13,9 851.3 75 L5 100 0-5NE Xmtr

SHF  September 13, 1966

OPEN 16.4 11,6 847.9 59 L1, M4 30 1-2E Rcvr
15,0 10,6 850.3 60 L1, L2 20  0-5W Xmtr

SHF  January 10, 1967

OPEN 1,0 -2.7 858.5 42 H6 50 0-2 Revr
-1,1 -3.9 862.2 50 H9 60 3w Xmtr

UHF  February 8, 1947

OPEN 4,5 1.3 845.9 58 H7 5 Calm Revr
2.5 -2.5 855.5 29 - - 0 Calm Xmtr

R4-3-T1 longmont El

UHF  August 9, 1966

OPEN 23,3 16.7 846.0 53 L2, M6 10 Calm Revr
26,7 17,7 840,5 43 L1, L2 30 5W Xmir
266




2 LA

LTS S i

£ e TRTETOPTRSATR | TTIIE O R S, ST DR AT CTRTGTN

Type Dry Wet Atmos. % % Wind
of Bulb Bulb Press. Rel. Cloud Cloud Speed
Site Temp C TempC mb Humid, Type Cover & Dir, Terminal

R4-3-T1 (continued)
SHF  September 26, 1966

OPEN 18,4 15,1 844,6 72 Ll 10 5-10NE Rcvr

21.4 15,6 842,5 57 L2, M3 30 5NE Xmtr
SHF  December 5, 1966
OPEN -1.,6 -1,8 832.0 95 Fog 100 Calm Rcvr

0,0 -0.3 829.3 95 Fog 100 Calm Xmtr 0.
UHF  February 24, 1967 ‘ ’
OPEN 0.2 -0.4 849.3 g0 - - - - - - Revr

-1.1 -3.9 854,3 50 H2 5 Calm Xmtr

R4-3-T2 Longmont SE 1.5

UHF August 9, 1966
OPEN 22.8 16.7 847.5 56 L2,M6 90 &NW  Rcvr i
24.4 18.3 847.3 57 Ll 20 0-5E Xmtr | 1
SHF Scptember 6, 1966 7 }
OPEN 24.5 15.0 852.0 38  L2,M2 75 Calm  Rcvr
27.2 15.6 852.0 30 L2 40  Calm  Xmtr i

SHF December 7, 1966 .

OPEN 3.4 2.7 829.7 90 M3 75 Calm Revr :
3.6 2.2 831.7 81 Hé6 65 Calm Xmtr é

UHF February 24, 1967 ]

OPEN 1,8 0.0 848.0 73 - - - -  Calm Revr !
1.1 -2.8 859.0 40 Hl 20 0-55E Xmtr !

R4-3-T3 Longmont ESE 3
UHF  August 19, 1966

OPEN 25.0 16,7 848.0 45 1z, M2 70 Calm Rcvr
27, 17.2 831.7 36 H2,H9,L960 Calm  Xmtr ?
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Type  Dry Wet Atmos. % % Wind
of Bulb Bulb Press, Rel, Cloud Cloud Speed
Site Temp C__Temp C mb Humid, Type Cover & Dir. Terminal

R4-3-T2 {continued)
SHF September 2, 1966

! OPEN 16.8 14.6 852.1 80 L1,M3 40 Calm  Rcvr
‘ 17.8 15.6 851.3 81 LIL,M3 75 0-5E Xmtr .
SHF December 7, 1966
OPEN 3.9 2.2 829.3 77 L5,M1 85 Calm Revr
7.1 5.0 831,0 75 Hé6 &5 Calm Xmtr N
UHF March lu, 1967
OPEN 16.5 16.2 835.1  -- H2 30 Calm  Rovr
15,0 5.0 845.1 - - H9 30 Calm Xmtr

R4-3-T4 Longmont SSE2
UHF  August 18, 1967

| OPEN 26,7 15.6 849.5 32 L6 70 0-5-NW Revr
__ 32.2 20.0 843,2 34 H2,L5 50 5 NW Xmtr
f‘f SHF  September 2, 1966
OPEN 21.6 16.2 849.8 59  L1,M3 30 Galm  Rewr
' 21.7 17.8 847.3 70 L1,1.2 30 0-5S Xmtr
SHF December 7, 1966
OPEN 5.2 3.3 829.7 76 Vi3 75  0-4SE  Revr
| 5.6 3.1 829,13 69 Hé6 70 Calm Xmtr
j’ UHF  March 10, 1967 .
] OPEN 16.5 16.2 835,1 -- H2 30 - - Revr
| 16.1 3.9  84L.6 - - H6 40 5w Xmtr

i
| R4-3-T5 Longmont SW1.5
‘ UHF  August 8, 1966

OPEN 16,1 12,8 854,0 70 L2, Mé 100 Calm Revr
14,4 12,2 851.3 79 L5 100 0-5NE Xmtr




Type Dry Wet Atmos. % % Wind
of Bulb Bulb Press, Rel, Cloud Cloud Speed
Site Temp C_Terap C  mb Humid. Type Cover & Dir. Terminal

R4-3-T5 (continued)
SHF September 12, 1966

OPEN 22,0 13.7 845.9 41 11 80 2 SE Revr
25,6 15,6 846.6 36 Li,1Lz2 50 0-5 FE Xmtr

* SHF  January 10, 1967
OPEN 4.9 -0.2 857.4 36 H6 30 0-2 Revr
4.7 0.3 860,1 44 H9 30 3 SE Xmtr

R4-3-T6 Longmont SWI,2

UHF  August 8, 1966

OPEN 15,6 12.8  853,5 74 L2,Mé 100  Caim Revr
{ 16,1 13.3  850,7 75 L5 100  0-5NE Xmtr
: SHF  September 12, 1966

| OPEN 23.4 13,1 845.5 32 Ll 10 2E  Revr
; 25.0 15,0  845.9 36 Ll 30 5 Xmtr
| SHF  January 10, 1967
' OPEN 7.2 0.8  856.1 28 H6 50 0-25 Revr
B 8.9 2.8  858.5 35 HY9 70 3SW  Xmtr

UHF February 8, 1967 |

OPEN No data available )
R4-5-T1 Uniocn Reservoir

UHF  August 10, 1966

OPEN 17,2 14.4  850.0 75 12,M6 50 5EF  Revr
‘ 18.9 15.0 847.6 68 L1 30 5 NE Xmtr
SHEF  September 23, 1966
' . OPEN 22.1 14.8 851.7 45 L1 5 Calm Rcvr |
21.9 15,0 853,0 50 L1 3 1W  Xmtr

SHF November 18, 1966

| OPEN 10, 6 6.3  854.1 55 M3 80 0-55 Revr i
11,7 4.4 856.8 30 H9, L1 20 2 Xmtr |

UYHF  February 21, 1967
OPIIN No data available 269 .




Type  Dry Wet Atmos, % % Wind
of Bulb Bulb Press, Rel, Cloud Cloud Speed
Site _Temp C Temp C mb__Humid, Type Cover & Dir, Terminal
R4-5-T2 Union Reservoir Sl

UHF  August 10, 1966

OPEN 21.7 16,1 849.5 58 H2, 1.2 10 Calm Rcvr
22,8 16,7 846.9 56 L1 40 0-5 E Xmtr

SHF September 26, 1966

OPEN 20,3 16,2 843,9 68 Li, L5 40 5-10NE Rcvr
21.9 15,3 844.9 52 H4, L5,M3 75 5-10NE Xmuir

SHF December 2, 1966

OPEN 0,2 0.0 844, 2 97 M1 10¢ Calm Rcvr
2.8 0.0 845.9 61 Hé 90 Calm Xmtr

UHEF February 21, 1967

OPEN 6.6 3.4 833.7 62 L2, Mé 10 0-25NW Rcvr
7.8 0.6 842,0 22 L9 50 Calin Xmtr

R4-5-T3 Longmont SE 3.5

UHF  August 19, 1966

OPEN 22,3 16.1 849,5 49 L2, Mé6 40 Calm Rcvr
23.9 16,7 845, 2 50 11, Hé6 50 Calin Xmtr

SHE  September 2, 1966

OPEN 19.6 15,3 851,2 65 L2, M3 32 Calin Revr
21,1 17,2 848.6 69 L1, L5 75 0-55E Xmtr

SHEFE  December 7, 1966

OPEN 4,9 3.5 829.3 82 L1, M3 60 Calm Revr
7.2 4,4 832.7 67 H6 65 Calm Xmtr

UHF February 24, 1967

QPEN 6,6 3.4 833.7 62 Lz, Mé 20 0-25NW Fcvr
2.2 -1.7 858.3 43 2 20 Calm Xmtr

PPN LUR . .
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Type Dry Wet  Aumos. % % Wind
of Bull Bulb Press. Rel. Cloud Cloud Speed
Site _Temp C_ Temp & mb Humid., Type Cover & Dir, Terminal
R4-5-T4 Llongmont S 3

UH¥  August 19, 1966

OPEN 27.2 17.2 847_.% 38 12, M9 70 Calm Rcvr
27.8 17.8 838.1 39 H9,1.2,L9 70 Calm Xmitr

SHI September 7, 1966

OPEN 25.8 i3.8 853.3 27 1] 25 5SE Rcvr
27.2 5.0 838.1 28 L1, L2 30 5-10 Xmtr

LRy Decemnber 7, 1966

OFEN 5.1 3.6 830.7 81 M3 40 Calm Rcvr
6.1 3.3 827.3 66 Hé6 60 3 SE Xintr

UHF  March 19, 1967 '

OrEwW 18.2 7.6 834.7 21 H2 10 0-10NW Rcyr
17.2 5.0 839.6 9 H6 40 5W Xmtr

R3-5T5 Longmont SW5

UWE  Aupust 2, 1966

OrEn 2101 i5.6 8550 58 Lz, Mé6 90 Calm Revr
27.2 21,1 847.3 60 11, M2 25 0-5 2  XMmts

SHF September 12, 1966

OPEN 21,2 13,9 £45,2 47 L5 90 Calm Revr
¢3.9 14,1 84¢,9 37 Ly s 80 0-55W Xmtr

SHF Janvary 9, 1467

OPEN V.3 -0,3  853.0 ié H¢ 60 0-2 Rcvr
8.3 1.1 857.8 23 H9 30 0-5NE Xwmir

U Jaruary 31, 1967

CPEN 6,6 4,0 834.4 69 H2 €0 0-5 Revr
4.4 1.1 842,8 T H9 70 8 NW Xintr
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Type Dry Wet Atmos. % % Wind
of Bulb Bulbh  Press. Rel, Cloud Cloud Speed
Site _Temp C_ TempC mb _ Humid. Type Cover & Dir. Terminal

R4-5-T6 Longmont W2,5
UHEF  August 3, 1966

OPEN 22,2 17.8 851.5 67 L1, Hé6 30 0-5wW Rowvr

24.4 18.3 848,6 57 L1, He6 25 0-5W Xmi.
SHY  September 13, 1966

OPEN 19.% 12.8 847.3 48 il 40 5E Revr -

19.4 13,9 848.0 57 11 30 0-5NE Xmtr
SHY  January 10, 1967

OPEN 9.1 2.2 855,11 28 Hé6 20 0-2 Rcevr

11,1 3.9 #56, 1 36 HY 80 3 SW Amir
UHF  January 31, 1967

iat ™

OPEN No data available Revr N
6.9 2.2 841.0 46 H9, L1 30 0-5NW  Xmtc
R4-10-T2 Union Reservoir SE 2.5
UHF  August 10, 1966
OPEN 23.3 16.7 848.0 53 - - - - Revr 2
24.4 17.2  857.1 50 L1 20 ¢ 5NE  Xmtr ‘
SBF  September 26, 1966
OYEN 20,5 15.9 844,2 64  1.1,L2,1.5 75  5.10SE  Revr
24. 4, 15.5 847.6 4! L2,L5,M360 5 IE Xnrar v
SHF  De.ember 2, 1966 }
OQPEN -4,2 -4.9 843.9 82 Ml 106 Calm Rca
-2.8 -4.2  B848.3 71 Hé 100 5-10W  NXmtr
UHF February 17, 1967 ‘;
OPFPEN No data available Revr )
4.2 -1,1  844.6 3V L5 150 5-10W  Xmur




Tvipe Dry Wet  Atmos, % % Wind
of Bult Bulb Press Rel, Cloud Cloud Speed
Site Temp C TempC wmb  Humil, Type Cover & Dir, Terminal

L R4-10-T, rrie NF1

UHF  August 19, 1966

. R VA A . 48 o s it -

. COPEN 22.2 17.2 846.5 63 L2,M2 80 - - Rewvs
29.4 17.2 837.1 31 L2,1% 9U - - Xmtr
SHF  September 7, 1966 ‘

. OPEN 24,7 12.7  854.3 24 Ml 90 10 NW  Reovs
27.2 I4.4 848.6 25 LI, L2 50 5-10 N  Xmur
SHF December 9, 1966 {
OPEN -3.1 -4.5 853.0 70 - - - - 0-2 Revr !
: -2.8 -6,1 251, 7 3% - - -=- 0-2 Ximntr E
UHE  Mareh 30, 1567 :
OPEN 18.2 7.6 834,71 21 H2 10 06-10 NW Revr !
; 20.0 6.1 8403 7 H3 20 10-15W Xmtr ‘
‘ Ré~l9-'1'v‘§ S]unba.rrel Hil:l E
g 3' UHF  August 2z, 1966 E’
{ CPLN 15.¢ 10,0 857.0 55 - - - - Calm Revy
1 lo.t 11,1 833,957 - - -~ 0-SF Xmir
‘ SHF September 7, 1446
OPEN 22,6 14,6 &%4.2 44 L1 10 Calm Rcvr !
;S 22.8 14.4 64b.2 42 L2 200 0-55  Xmr !
SHF Decemher 7, 1906
% CPEN 4.2 2.6 83,7 79 LIl 5 0-35 Reor |
;- ) 5,0 2.8 825.6 72 LIl z6  Calm  Xmtr .
?L“\ UA4F March 14, 1v97
?ﬂ OFEN 8.2 4.2z 834.4 55 H2 60 0-5NW Rcvr
10.6 4.2 835,7 31 L2 70 10 E Xmtr

Pl




‘ Type Dry Wet Atmos., % % Wind
{ of Bulb Buly Press., Rel, Cloud Cloud Speed
: Site Temp C TempC  wb huraid. Type over ?: Dir. Terminal
v ) ) . c -
R4-1C¢-T5 Niwot T — ' ,

UEF  August 4, 1766

OPEN 21.1  18.3 850.¢ 78 L2, Mé g0 Calm  Heur ’
| 21,1 iT.8 843.9 74 11,12 75 0-5E  Xmtr '
; SHF  Septemuver 15, 1966 ) ) L
! OPEN 9.3 8,1 847.6 86 Lb 100 Calm Revr ot
? j6.¢ 8.9 845.9 & Lb 106 I NE  ° Xeair | ; B
_ SHF January 9, 1967 . | f
GPEN 7.0 -0.5 8534 16 Hb6 10 0-2  Reve ‘
; 7.8 1.7 8527 33 H$ 30 0-5 NE Xmtr ;
UHE  February 10, 1957 '
; OPEN 7.8 3.5 8324 52 L2,H2 90 0-20 NNW Revr ‘
1 8.3 1.7 837.3 29 HY,2.2,L5 80 10-15 W XNetr
“» ; R:-10-T6 Niwot N 0.5 | :
\\'\\ ! LHE  Acjust D, 1960 _ i
OFEMN 5.3 17.8  852.0 50 - - Caim Revr !
26.3  18.% 8439 43 L1,L5 50 5 I Fmir |
5.7 Sepiember i3, 196& :: Vi
QPE. 22.6  13.5 845z 37 L1, 12 20 0-1 " Rev !
23.3 14,4 343,z 40 L1, 1Lz 30 0-£ § Xt v b
SHF  January 9, 1967 ‘
OPEN -].4  -5.9 853.4 3 Hb ¢5 6.2 S Rever -
8.9 1.7 852,46 25 I3 30 0-5 5L Xnir
UHF February 10, 1907
OPEN 7.2 3.6 832.4 58 M2z, L2 95 0-25 NNW Rcvr

6.7 1.7 837.0 42 HeE,LE 100 15 W Xmty
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i " Type Dry Wet Atmos. % %o Wind
: of Buib Bulb Press. Rel. Cloud Cloud Speed
} Site_Ternp C Temip C mb Humid. Type Cover & Dir. Terminal
{‘ ) R4-10-T7 Longrmront WVS
i UHF  August 22, 1966
oL OPEN 27,8 19,4 &51.0 47 - - Calm Revr
‘ 27.2  18.3 851.0 44 - - Calm CXmtr,
SHF  September 32, 1956 !
, OPEN 2.5 13.0  844.6 39 L1, L2 20 358 Reve

21.7 15,6 44.2 55 1l 30 -5 Nk Kratr
SHF  January 10, 1667 '

OPEN 11.5 3.4 854.7 23 H6,HY 100 0-2 Revr
S 1.1 -2.6 853.4 - H9 90 3 NW  Xrutr
1 UHF  January 31, 1967 |

E OPEN 8, 6 2.4 8534.1 64 H2,L1L2 80 Calm Revr

13.3 6.1 836.6 35 H9, L2 40 15 5W Xmtr

N BRI s ) 1= SR T

T et

; w—_n

R4-20-T1 gowanda SE 1.5

A

UHF  Avaqust 11, 1766
OPEN 21.4 17.8 ¥44.0 7T: - - -  Calm . Revr
22,2 17.8 8152 67 Lu 5 03N  Xmtr
SHF  September 27, 3966
OPEN 13.5 12.2  842.5 87 LS Jbh 2-8 5SSV Pevre
) 14. 7 12.2 8%4,4 16 LS 100 Calm Xty

e

SHF  Drecember 1, 1966

OFLEDN -4.8 -5.4 843,06 83 M) 80 Calin Revr
) -1.1 ~35.9 B49.3 50 Hb, L1 80 Calin Xmtr

UKF Yebruary 17, 1957

QOPEN 2.4 -0.8 B834.4 54 16 106 0~3 8 NW Rewr
0.3 -4.2 847.3 29 ML, L1, L% 90 16 &° Jmtr
235
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Type Dry Wet Atmes, % T Wind
of Bulb Bulb Press. Rel, Cloud Cloud Speed
Site_Temp C Temp C mb _Humid. Type Cover & Dir. Terminal

UHF  August 10, 1966

R1-20-7T2 Firestone NX2 B é
i

OPEN 25.4 16,7 847.0 45 12, Mb 10 Calm  Fevr -
! 26,1 16,1 8432 37 L1 10 0-5E  Xmer
SHF  Eeplember 27, 1966 N
OPEW 15.7 12,2 848.3 68 L9 95 1S - Revr & .
15.6 12,2 849.0 69 Lj 50 0-5 Sk Xmtr :
SHF December 1, 1966 '
OPEN -5.3  -6.4 843.2 72 M2 95 0-1 Revr i
1.1 -1.4 843.9 61 H6,LI 60 2 NE Xmtr E
: IF february 17, 1967
OPEN 77  -0.4 833.7 57 Lb 100 0-15 NW  Revr

2.8 ~z.8 £42.2 23 HI, LY, L5 95 5-1C NW Xmtr

R4-20-T4 Lafayetie Ibé
JHF  August 22, 1966

T ot Mo U et

. . L
P T -
i A W II T . e sk ohOe® i SR Mt o <+ w2 = e aet

OPE} 21.1 13.3 855.5 43 LI 46 Calm Recve
21,7 13.9  842.¢ 44 L} 5 Q-5 NI Xmir
SHE Septembor 8, 1966
OPEN 26.1 13.8 851.0 6 Ll - 50 Calm 'Revr
30. 6 15,0 847.3 12 il 35 5 88 Xmtr B
SR Deceriiber 9, 13606
OPFN -1.8 =55 8gu1.7 33 L1 -~ 0.2 Anvr . E

1.7 -3, 346 ¢ 2y - - - 3K amtr ) g
UHY  March 14, 1967

: CPEN 5, § 3.0 835.8 67 Mz 70 ¢-5 NW Xevr
i

{
i 14,3 6.1 §37.5 35 1.1 25 6-\DESR  Yo.tr '
i 274
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Type Dry Wet  Atmos, % P Wind
of Bulb Bulb Press. Rel. Cloud Cloud Speed
Site Temp C Temp C mb Humid. Type Cover & Dir. Terminal
R4-20-T5 Boulder NE3
UHF  August 4, 1966
’ OPEN 22.8 18.3 835.1 67 H2,L2 40 - Revr
22.8 17.2  835.1 59 LI, L2 50 0-5 W Xmtr
. SHI"  September 15, 1966
) OPEN 10.2 9.0 847,3 87 Lb 100 Calm Revr
, 12,2 10.0 839,2 78 L6 100 1 NE Xmtr
SH¥  January 9, 1967
OPEN 2.7  -2.2 853.7 31 HIl,H6 5 0-2 Rcvr
5.0  -0,6 847.3 31 - - - 0-5NE Xmtr
UHF  ¥February 10, 1967
: OPEN 7.8 3.5 832.4 52 L2, Hz 90 0-15 NNW Rcvr
| 6.1 0.6 830.9 36 Hb6 90 10 NW Xmtr
| R4-20-Té Boulder N5
3 UHF  August 4, 1966
OFEN 25.6 16,7 849.5 42 L2,H2 40 Calm Revr
26.7  17.8 831.7 44 LI, L2 50 0.5 E Xmtr
§ ShHE  Ssptember 15, 1966
! OPEN ;0.3 9.4 846.6 90 L6 100 1 Revr
B 10.6  10.¢ 831.7 93 Lé 100 1 E Xmtr
| SHF Jarary 11, 1667
{ - OPEN 1.0  -2.1 847.3 52 H4, M4 90 - Revr
B 9.4 1.7 832.0 22 H6, L2 80 0-5 NW  Xmtr
) UHF  February 5, 1967
" OPEN no data available Revr




Type Dry Wet Atwmos, % % Wind
of Bulb Bulb Press. Rel, C’oud Cloud Speed
Site Temp C Temp C mb Humid. 1ype Cover & Dir. Terminal

R4-20-T7 Boulder N9

UHF August 4, 1966

OPEN 13.3 16.1 850.5 49 - - - b5-15 Rcvr
, 26,6 16.1 827.0 31T Ll,12 75 0-5 N Xmtr
l SHF September 15, 1966
! OPEN 12.5 10.5 845,9 80 L6 100 1 Rcvr
i 1.7 11.1  825.9 94 L6 100 1 E Xmtr
SHF  January 10, 1967
CPEN 10.8 3.4 854,7 28 H7 100 0-2 Rcvr
11.7 4.4 835.4 31 H7 100 3 5W Xmtr
UHF February 8, 1967
OFEN no data ayailable Rcvr
8.9 0.6 829.8 16 H9 70 0-5 W Xmtr

R4-30-T2 Ione E3

UHE  August 11, 1966
P _ OPEN 31.7 15.6

4‘-;(-;41 -

36.5 18 L1 20 5 SE Revr

37.1 15 LI, L2 30 0-5 N Xmtr

! SHE  September 28, 1966
? OPEN 16.6  12.4 844.6 64 H4,H6 60 2-8 E Revr
18,9  12.8 843.2 52 RI,LI,Ml 80 5-10S Xmir

l S5HF  November 30, 1966
1 OPEN 4.9 3,0 847.6 75 ML, LI 15 0-2 E Revr
| 7.2 5.9 846.6 61 H3,Ll 20 3 NE Xmir

UHF  February 16, 1967
OPEN 2.2  -0.1 836.4 67 H2, L2 70 0-5NW  Rcys:
2.8 -3.6 842.0 13 L1 50 10 W Xmir
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Type Dry Wet Atmos. % % Wind
of Bulb Bulb Press., Rcl. Cloud Cloud Speed

Site Temp C Temp € mb _Huniid. Type Cover & Dir, Terminal
R4-30-T3 Northglenn
UHF  August 22, 1966
OPEN 22.8 15.0 8%54.8 45 L1l 30 Calm Revr
24,4 15,6 837.1 38 L1 10 -5 E Xmtr
SHF  September 8, 1966
OPEN 28.7 14.5 850.3 21 L1 40 £ S Rcvr
28.3 15,0 &£41.9 24 LI 20 B E Xmrtr
EHF  Deceraber 9, 196
OPEN =-2.0 -5.5 §&31.7 36 - - - 0-2 W Revr
2.t -5,6 842.™ 45 - - - Calm Xmtr
UHF March 14, 1967
CPFLN 5.8 3.0 H35 8 t5 H2 70 C-5 NW Revr
8.3 3.3 £33,3 4: Li 25 5 NW Xmtr
R4-30-T4 Last Broomlield
UHF  Aagsst 23, 1966
OI'EN 17.2 13.3 859.C 66 L2,M2 100 Calm Rcvr
1:.6 12 8 540.° 74 L5 100 6-5 E Xmtr
Si F Siprlet.ae. &, 1R a
OPEN 27.6 14,2~ 85C.0 23 L.,L2 50 Calm Revr
29. 4 15,0 839.8 21 L!.L2 30 0-5 E Xmtr
SHE De ember "Z 1%ot
OPEN -1.8 -3.- 853 4 &b 2 1C 0-2 Rcvr
0.8 -1, 4.2 57 Hb, H4 10 28 Xmtr
UH* Marc. 14, 197
OPL.N 4.0 -0.4 830.4 43 H2 30 0-5 NW Revr
7.2 i 9 83..8 40 L1 10 5-10 NE Xratr
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Type Dry Wet Atmos. % % Wind
of Bulb Bulb Press, Rel. Cloud Cloud Speed
Site Temp C Temp C mb Humid., Type Cover & Dir. Terminal

R4-~30-T5 Green Mountain
UHF  August 5, 1966

’l OPEN 21,7 17.5 851.0 68 L1l 5 Calm Revr
21,1 16.7 825.9 66 - - - 0-5NE KXmtr

SHF  September 16, 1966
OPEN 11.6 9.8 B846,6 81 Fog 100 Calm Revr
13.6 11.4 821.9 79 L2 20 12 NW Xmtr

SHF  January 9, 1967

OPEN -1.1 -3.0 853.7 65 HI1 20 0-2 SE Revr
2.8 -1.7 829.3 38 H9 20 0-5 W Xmtr

UHF  February 9, 1967
OPEN 1

5.2 832,4 49 H] 90 - Rcvr
-1.1 816, 5 18 H9, M2 80 10-30 Xmtr

<
o

<
o
y—

R4-30-T6é Gold-Hill-Sunshine

UHF  August 5, 1966
OPEN 26.1 17.8 851.5 46 L1 5 Calm Revr
23.3 15.6 789.0 48 1.2 10 5 E Xmtr
SHF September 16, 1946
OPEN 17.5 13.0 846.6 62 Ll 20 58 Revr
16,7 7.8 782.6 31 H9, 12 20 10 NW Xmtr
SHF  January 12, 1967
OPEN 3.0 -0.1 840.8 57 16, L1, M3 80 0-2 Rcvr
3.1 2.8 775.8 96 M3 10C 0-5 NW Xmtr
UHF February 9, 1967
OPEN 10,7 5.2 835.8 45 HI1 90 0-20 Revr
2.8 -2.8 775.0 2z~ H9 30 10-25 NW Xmtr
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! Type Dry Wet Atmos. % %% Wind
' of Bulb Bulb Press. Rel. Cloud Cloud Speed
Site Temp € Temp C_mb_ Humid. Type Cover & Dir. Terminal

R4-30-T7 Lee Hill

UHF  August 5, 1966

; OPEN 28,9 18.3 850.0 37 1L2,Mé 30 Calm Revr

i 27.8 16.1 774.8 32 L1 10 0-5 E Xmtr
) SHF  Septembcr 19, 1966

¢ OPEN 11.5 10.1 849.3 85 Fog 100 1 Revr

; 16. 4 11.4 768,06 58 HS 21 Xmtr

i SHE  January 12, 1967
OPEN 5.0 1.9 839.8 61 LI, M3 60 0-2 Revr
7.5 1.9 759.6 40 L5, M3 80 15 W Xmtr

February 9, 190
OPEN 10.7 5.2 832.7 45 H7 90 0-25 NW Revr

2,2 ~3.3 760,7 26 H9 75 10-25 NW  Xmtr

R4-50-T1 JI.atham Reservoir El

| UHF  August 18, 1966

| CPEN 18.3  13.3 853,0 59 - - - Calm Revr
851

CLLERLTTT

20.0 14. 4 3 56 - - -  Calin Xmir
SHF September 29, 1966
OPEN 12.6 9.4 841.5 68 HI 302 S5 Rcvr
b 10.6 8.6 845.9 79 HI 10 0-5 NE Xmtr
SHEF  November 30, 1966
' . OPEN 5,5 3.7 8510 77 L1 2 0-2 Rcvr
2.8 1.9 858.1 87 L5,L6 100 Calm Xrmtr
UHF  March 3, 1967
OPEN 1.8 -0,2 §371.1 70 16 100 0-5 NE Revr
5.0 1.9 859.5 60 19 50 5 E Xmitr
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Type Dry Wet Atmos. % % Wind
of Bulb Bulb Press, Rel. Cloud Cloud Speed
Site Temp C TempC mb Humid. Type Cover & Dir. Terminal

R4-50-T2 Keensburg NW1
UHF  August 15, 1966

OPEN 27,2 16.7 850.0 36

- - - Calm Revr '
30.90 17.2  841.5 29 Li 5 5 E Xmtr
SHF  September 28, 1966
! OPEN 20.0 13.4 844.6 50 Hé6 80 2-10 SE Rcvr .
| 21,1 13,6 843.9 45 14 75 5-10NE  Xmtr
: SHF  November 29, 1966
OPEN 13.2 6.4 847, 3 38 H:z 100 0-2 Revr
} 15,0 8.3 847.3 42 15 90 5N Xmtr i
| UHF  March 3, 1966 |
OPEN 4.8 1.4 834.4 57 Mi 100 15 Nw Revr
l 13.9 5.6 841.4 38 L9 50 5 SE Xmtr

R4-50-T3 Horse Creek El
UHF  August 15, 1966

OFEN 30,0 17,2 848.5 29

— e ¢

- - - Calm Revr
34.4  16.7 836,4 16 L1 5 0-5 SE Xmtr
SHF September 28, 1966
OPEN 23,1  13.2 843.2 34 H6 80 2-8 SE Revr
23.9 12,8 383.1 29 H2 70 5 NE Xmtr
SHF Nobember 29, 1966 l
OPEN 11,7 5.4 846.6 39 M2 98 0-1 Revr
16.1 8.3 842.5 36 L9, H4 60 10 NNW  Xmtr
! UHF  February 27, 1967
! OPEN 12,4 6.8 - - H7Y 15 Calm Reve
g 7.8 1.1 852.2 27 - - ~ 5-10NW  Xmtr




Type Dry Wet Atmos. % % Wind
of Bulb Bulb Press. Rel. Cloud Cloud Sgpeed
Site Temp C Temp C mb Humid. Type Cover & Dir. Terminal

R4-50-T4 North Table Mountain N
UHF  August 24, 1966

! OPEN 23.6 14.7 857.6 40 L1 10 Calm Revr
l 23,3 13,9 823.2 37 - - - 5N Xmtr ”
» SHF  September 9, 1966
OPEN 22.6 14.8 847.3 45 L1 25 1-2 $ Revr
25.0  12.8 823.6 25 Ll,L2 10 0-5 E Xmir
" SHF December 12, 1966 :
' OPEN 4,4 -0.3 830.7 40 H2,H6 30 0-2 Rcvr i
i 7.8 2.8 823.2 45 H6,H4 10 Calm Xmtr ‘
| UHF  March 13, 1967 ;
OPEN 18.2 9.2 831.0 32 H2 30 0-10 NW  Revr ,’
18.9 5.6 809.6 8 H9 60 20-35 SW Xmtr ;

R4-50-—T5 North Table Mountain
UHF  August 24, 1966

i OPEN 23.8 14.4 856.0 37 L1 20 Calm Revr
22.2 11.7 804,3 30 L1 5 10 SSW Xmtr
SHF  September 9, 1966
OPEN 27.1 13,9 850.0 23 LI 10 Calm Revr
l 26.1 20,0 806.0 59 Ll,L2 30 20 W Xmtr !
E SHF January 11, 1967
o OPEN 15.2 4,1 8317 12 L5 95 0-5 NW Revr
14. 7 3.1 792,55 9 H9, M3 95 15 W Xmtr ‘
UHF March 13, 1967 ,
OPEN 12.8 6.8 831.7 44 H7 30 Calm Revr ‘

14. 4 2.8 1792.8 8 H9I 30 20-30 SW  Xmir




e ——————————. e s+

APPENDIX
Cross polarization and angle-of-arrival measurements

At the conclusion of the path loss measurement program, additional
measurements were made over selected paths (R4-10-T5, R4-20~T6,
and R4-30-T6) to evaluate polarization (including cross polarization)
losses caused by trees without leaves, Measurements were also made,
using a slightly elevated transmitter test site, to investigate the
azimuthal angle-of-arrival of the 230. and 410-MHz signals for several
receiving antenna elevations at the R4 receiving site,

All the transmitter sites for this series of measurements were
selected to provide maximum shielding of the receiving aniennas from
the transmitting antennas by the cluster of trees at the R4 receiving

site. The true bearings of these transmiiter sites from the receiver

site are: R4-10-T5, 2270 20'; R4-20-T6, 250° 07'; R4-30-T6, 2340 47°;

and Test Site, 234° 48' (see figure 1),

The polarization data were collected using the same measurement
techniques developed for the original path loss measurement program,
However, before any measurements using vertical polarization were
attempted, all inactive antenna dipoles in the antenna array were
removed from the front of the antenna reflector screen (see figures 9
and 11 for physical appearance of the lower frequency antcnnas), thus
preventing the possibility of interaction between the active and inactive
elements.

Cross polarization measurements were made by changing the
receiving antenna polarization with respect to the transmitting antcnna
except for site R4-30-T6, where both antennas were rotated 90 degrees
with respect to each other.

The azimuthal angle-cf-arrival data were obtained by raising the
receiving antenna to the desired height above ground and recording the

received signal level as the receiving antenna was turned in azimuth,
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‘loss versus receiving antenna height derived from the path loss measure-
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in 10-degree steps, from a position 60 degress counterclockwise to the
transmission path to a point 60 degrees clockwise to the path. This
procedure was then repcated for all other receiving antenna elevations
for both frequencies.

The data for the supplemental polarization mcasurements are

arraaged in the following order:

For the polarization measurements, graphs of basic transinission

ments are shown for each of the three paths for both frequencies with ! 3

site code and designation, frequency, date, and foliage condition

indicated on each. The type of polarir.ation used is shown for each

e jh ’iiﬂ. Dot d s

graph with the receiving antenna orientation indicated first; i.e., V-H

indicates that the receiving antenna was oriented to receive a vertically
polarized signal and the transmitting antenna was oriented to transmit
a horizontally polarized signal. For conversion of the measured values

to basic transmission loss the antenna gain values shown in table 1

(section 4 of the report) were used, although they may not be realistic
for cross polarization measurements. The "basic transmission loss
values'" resulting from this procedure should therefore be used only
for relative compavisons. Generalization of thesc results to otiaer

antenna types may not be appropriate,

2

The free space basic transmission loss is indicated on each graph.

Photographs of the terrain taken at the transmitter site in the direction

of the comimon receiver site and the bearing from the receiver site to

the transmitter site may be found under the corresponding site in the

-

main body of the report.

Arrangement of the data (see pages 293-296) for the azimuthal

2 Bade

angle -of-arrival measuremenuts (designated Test Site) is as follows:

The tirst page includes the site code, a photograph of the terrain

o

taken at the transmitter site in the direction of the receiver, and the
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bearing from the common receiver site to the transmitter site. It also
includes the ground elevation of the receiver and “ransmitter sites, the
actual path length, and the path profile drawn as previously described
for other paths.

The second page includes the site designatiou and code, a code for
the graph for each frequency, followed by the date that the path loss i
measurement was undertaken, a graph of the 230 and 410 MHz basic
transmission loss versus receiving anteuna height (data for these graphs
were obtained by measurements techuniques previously described), and
the free space basic transmission loss for each frequency.

The upper set of graphs on the third page includes plots of basic

transmission loss versus receiving antenna orientation with respect to

the transinitting path for several receiving antenna elevations, These
graphs are for horizontal polarization for 230 MHz, The lower sct of
graphs were obtained in the same manner for the same frequency as
the upper graphs except these graphs are for vertical polarization.

Finally, the fourth page of graphs are the results of the azimuthal
angle ~-of-arrival data for 410 MHz, which were ohbtained in the same ‘
manner as the 230 MHz data.

The shape of the curves for the 230 MH=, horizoutally-polarized,
azimuthal angle~of-arrival data obtained 25 m above ground and the
410 MHz horizountally-polarized data obtained at 19 m above ground are
essentially identical to the antenna patterns obtained over the antenna

range for the same antennas.

-
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410 MHZ
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